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PREFACE 


The  interdependence  of  theorv  and  practice  cannot  be  ignored  without 
inflicting  injury  on  both  ;  and  he  is  but  a  poor  friend  to  either  who 
iinder?alaes  their  mutual  co-operation. 

JU,  Hon,,  A,  J,  Balfuur  at  the  British  Association. 

The  objects  of  the  present  volume  are  to  supply  the 
admitted  need  for  an  up-to-date  and  detailed  exposition  of 
the  telegraph  practice  of- the  British  Post  Office  and  also  to 
provide  for  the  requirements  of  the  Departmental  and  City 
and  Guilds*  examinations  in  the  subject.      With  the  latter 
object  in  view  I  have  furnished  a  plenitude  of  fully  worked 
'^  numerical  examples  and  have  included  elementary  accounts 
^  of    galvanometers,   battery  testing,   and    the   Wheatstone 
bridge.     After  anxious  and  careful  consideration   in  the 
•^    light  of  an  extensive  teaching  experience  I  have  deemed  it 
,    best  to  avoid  the  use  of  mathematics,  and  I  am  satisfied  that 
;J    the  more  elementary  method  adopted  wiU  make  the  work 
^    accessible  to  the  far  larger  and  wider  circle  of  readers  who 
most  need  the  information  I  have  sought  to  convey. 
Grenerally  speaking,  the  history  of  the  subject  and  the 
i    names  associated  with  the  various  advances  therein  have 
been  omitted  since  adequate  discussion  would  have  in- 
creased the  bulk  of  the  work  beyond  the  limits  of  a  single 
volume  and  would,  of  necessity,  have  involved  a  consider- 
able increase  in  the  cost  of  publication — a  result  which  I 
should  have  greatly  deplored. 

The  purpose  of  the  introductory  chapter  is  rather  to  indi- 
cate the  general  principles  of  electricity  and  magnetism 
than  to  explain  them  at  length,  the  number  of  sources 
from  which  an  account  may  be  obtained  being  well  nigh 
unlimited.  I  believe,  however,  that  a  brief  statement  of  the 
fundamental  laws  of  these  sciences  will  be  of  considerable 
value  to  many. 
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vi  PREFACE 

Batteries,  apparatus,  systems,  and  the  construction  of 
aerial  and  underground  lines  are  successively  considered, 
opportunity  being  taken  to  deal  with  various  principles 
and  phenomena  as  the  need  for  their  application  arises.  It 
will  be  observed  that  the  Murray  automatic  system  occupies 
a  position  in  the  Appendix  instead  of  in  its  rightful  place 
in  the  body  of  the  book,  but  this  is  entirely  due  to  the  fact 
that  the  preparation  of  the  present  volume  has  occupied 
nearly  four  years.  A  similar  remark  applies  to  the  descrip- 
tion of  the  latest  standard  arrangements  for  quadruplex 
circuits  (Section  E),  and  to  the  now  important  subject  of 
superimposing  telegraph  circuits  upon  telegraph  and  tele- 
phone loops  (Section  C). 

A  few  problems  dealing  with  the  capacity  of  lines  and 
cable  cores  have  been  provided  under  Section  F  of  the 
Appendix  for  the  benefit  of  students  preparing  for  the 
Honours  Grade  Examination  in  Telegraphy  held  by  the 
City  and  Guilds'  Institute. 

Submarine  and  Wireless  telegraphy  have  been  omitted 
owing  to  considerations  of  space  and  to  the  fact  that  each 
subject  already  possesses  an  extensive  literature  of  its  own. 
There  are  many  most  interesting  telegraph  systems  which 
have  not  yet  sufficiently  materialized  for  the  every-day 
work  of  a  large  telegraph  office,  and  here  again  the  space 
factor,  and  the  avowed  object  of  the  book,  have  prevented 
their  inclusion.  Since  the  Delany  jnultiplex  has  passed 
from  the  sphere  of  British  telegraphy  the  Chapter  which 
had  been  written  upon  the  subject  was  excised. 

The  Journal  of  the  Proceedings  of  the  Institution  of 
Electrical  Engineers,  the  Electrical  Review  and  the  Elec- 
trician have  naturally  been  freely  consulted  during  the 
preparation  of  the  work. 

I  beg  to  acknowledge  my  indebtedness  to  :  —  Sir  Samuel 
Boulton,  Messrs.  J.  E.  Kingsbury,  E.  J.  Chambers,  A.  H. 
Atkins,  D.  Murray,  W.  S.  Steljes,  and  F.  Crawter  ;  also  to 
the  following  gentlemen  of  the  Post  Office  Department : — 
Messrs.  M.  F.  Roberts,  J.  W.  WiUmot,  H.  R.  Kempe,  H. 
Hartnell,  T.  F.  Vnrves,  J.  R.  M.  Elliott,  C.  C.  Vyle,  G.  F. 
Mansbridge,  W.  Moon,  H.  Wilson,  H.  A.  Miles,  W.  J.  Stubbs, 
W.  E.  Twells,  R.  lanson,  E.  I.  T.  Newton,  and  A.  Q.  Ellery. 

The  list  which  follows  comprises  those  firms  to  whom  I 
desire  to  acknowledge  my  obligations  either  for  illustrations 
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taken  from  their  catalogues  or  for  special  information  relat- 
ing to  the  materials  which  they  manufacture  or  supply  : — 

Messrs.  The  British  Insulated  Wire  Co. ;  British  L.  M. 
Ericsson  Manufacturing  Co. ;  Buck  and  Hickman  ;  Bullers  ; 
Burt,  Boulton,  and  Haywood ;  Chloride  Electrical  Storage 
Co. ;  W.  F.  Dennis ;  Electrical  Power  Storage  Co. ;  Elliott 
Bros. ;  Qeneral  Electric  Co. ;  Hart  Accumulator  Co. ;  India- 
rubber,  Gutta-percha,  and  Telegraph  Works  Co. ;  London 
Electric  Wire  Co. ;  Muirhead  and  Co. ;  Nalder  Bros, 
and  Co. ;  Siemens  Bros,  and  Co. ;  Sterling  Telephone  and 
Electric  Co. ;  Typewriting  Telegraph  Corporation ;  Western 
Electric  Co. 

The  material  assistance  which  I  have  received  has  been  so 
freely  and  so  willingly  given  that  it  seems  almost  invidious 
to  make  distinctions,  but  owing  to  the  larger  demands  I 
have  made  upon  Mr.  Hartnell,  I  feel  that  it  is  impossible 
to  allow  this  opportunity  to  pass  without  a  definite  expres- 
sion of  my  warm  appreciation  of  the  numerous  and  valuable 
suggestions  which  he  has  made  whilst  reading  the  proof 
sheets.  To  Mr.  lanson,  also,  I  desire  to  express  my  cordial 
thanks  for  the  services  which  he  has  rendered  to  me  in 
reading  and  criticizing  both  the  original  manuscript  and 
the  proof  sheets. 

With  the  exception  of  the  manufacturers'  blocks,  the 
drawings  for  the  illustration  of  the  text  have  been  prepared 
by  Mr.  0.  P.  Moller,  to  whom  my  thanks  are  conveyed  for 
the  care  and  thought  which  he  has  bestowed  upon  the 
work. 

The  utmost  care  has  been  taken  in  compiling  the  work 
to  ensure  that  the  various  descriptions  shall  accord  with  the 
latest  practice  as  it  at  present  exists  under  the  direction  of 
Mr.  Gavey,  the  Engineer  in  Chief  to  the  Post  Office,  and  it 
18  to  be  hoped  that  no  important  error  has  escaped  detec- 
tion, but  should  the  hope  prove  vain,  I  shall  welcome  and 
appreciate  an  intimation  addressed  to  me  under  cover  to 
the  Publishers. 

T.  E.  H. 
London,  November ,  1905. 
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TELEGRAPHY 


INTRODUCTION 

i  THE  FUNDAMENTAL  PRINCIPLES  OF  MAGNETISM  AND  ELECTRICITY 

I  AND   UNITS. 

STATIC  ELECTRICITY, 

ELECTRICITY  pervades  all  space  and  all  matter,  but 
it  is  only  when  its  distribution  is  altered  that  its 
*  presence  is  observed  by  the  effects  which  result.     One 

i  method  of  accomplishing  this  is   by  rubbing  substances 

together,  but  the  effect  is  due  more  to  intimacy  of  contact 
between  every  portion  of  each  surface  rather  than  to  actual 
j  friction.     The  result  is  that  the  two  substances  pass  from 

I  the  normal  to  the  electrified  condition.     The  condition  of  the 

I  two  substances  is  different,  and  one  is  said  to  be  positively 

j  and  the  other  negatively  electrified.     The  terms  positive 

:  and  negative  are  respectively  used  to  imply  a  surplus  above 

I  and  a  deficiency  below  the  normal  amount  of  electricity 

'  present.^* 

If  a  dry  glass  rod  is  rubbed  with  silk,  it  will  be  foimd 
that  the  glass  is  positively  and  the  silk  negatively  electri- 
fied. A  Mst  may  be  prepared  (from  the  results  of  experi- 
ments) in  which  substances  are  placed  in  such  an  order 
that  upon  any  two  substances  named  being  rubbed  together 
the  resulting  electrical  condition  of  each  may  be  stated 
according  to  their  relative  positions  upon  the  list. 

The  electrified  condition  of  a  body  may  be  imparted  to 

•  *  Recent  research  shows  that  the  negatively  electrified  body  has  the 
excess  of  electricity,  and  that,  therefore,  the  true  direction  of  a  current  ia 
opposite  to  that  in  which  it  is  at  present  assumed  to  pass. 

B 
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others  either  by  direct  contact  or  by  induction.  Experi- 
ment proves  that  bodies  similarly  electrified,  or  charged, 
repel,  and  bodies  oppositely  charged  attract  each  other. 

It  is  vitally  important  to  notice  that  in  every  case  in 
which  electrification  results  the  values  or  quantities  of 
positive  and  negative  electrification  are  equal.  This  fact 
may  be  proved  experimentally,  or  it  may  be  deduced  by 
mathematical  analysis.  If,  therefore,  a  positive  and  a 
negative  charge  have  been  produced — suitable  conditions 
being  provided — an  electric  current  will  flow  from  the 
positively  to  the  negatively  electrified  body  until  electrical 
equilibrium  has  been  restored.  Where  these  conditions 
have  not  been  provided  there  always  exists  a  force  of 
attraction  between  the  bodies. 

Potential. 

The  term  potential  implies  the  power  or  capacity  to  do 
w^ork.*  Now  a  charged  body  is  endowed  with  the  power  of 
attracting  light  substances — a  property  which  an  uncharged 
body  does  not  possess.  The  uncharged  body  is  said  to  be 
at  zero  potential,  whilst  the  charged  body  has  a  positive  or 
negative  value  according  to  the  sign  of  its  electrification. 
Potential  corresponds  very  closely  to  level  as  applied  to 
water,  and  just  as  a  flow  of  water  takes  place  from  a  higher 
to  a  lower  level,  so  does  a  flow  of  electricity  or  an  electric 
current  take  place  from  a  higher  to  a  lower  potential  in  its 
endeavour  to  restore  electrical  equilibrium.  The  numerical 
value  of  potential  is  defined  in  terms  of  the  work  which  a 
body  can  do  in  virtue  of  its  potential.  In  order  to  corre- 
late this  definition  with  what  has  been  said  in  regard  to 
the  identity  of  potential  with  electrical  pressure,  imagine  a 
large  tank  filled  with  water  and  having  a  small  pipe  of 
considerable  length  leading  from  its  base  along  the  ground. 
Consider  the  difference  in  the  rate  at  which   the  water 

*  This  statement  requires  some  qualification,  since  the  power  to  do  work 
obviously  depends  upon  the  potential  of  other  bodies.  No  body  can  be 
said  .to  have  an  dbsoluleyaXxie  of  potential,  since  the  conception  essentially 
involves  the  difference  in  relative  condition  of  two  bodies  or  points.  For 
simplicity,  the  earth  is  assumed  to  be  at  zero  potential,  and  the  potential 
of  any  particular  body  is  given  a  definite  value,  but  this  is  merely  a 
method  of  briefly  stating  tnat  a  difference,  equal  to  that  value,  exists 
between  the  potential  of  the  body  and  the  potential  of  the  earth. 
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would  leave  the  pipe  accx)rding  to  whether  the  discharging 
end  of  the  pipe  was  just  below  the  level  of  the  water,  or 
whether  the  tank  was  raised  high  above  the  ground.  The 
difference  in  level  between  the  tank  and  the  issuing  water 
could  clearly  be  defined  in  terms  of  the  rate  at  which  the 
water  issued,  or  what  is  more  to  the  point,  in  terms  of  the 
work  which  the  issuing  water,  in  virtue  of  its  pressure, 
could  perform. 

Calcula'tions  in  Electko-Statjcs. 

The  fundamental  facts  and  definitions  upon  which  the 
numerical  aspects  of  the  various  effects  are  dealt  with  may 
be  briefly  stated  as  follows  : — 

1.  Force  ia  anything  ichich  changes  or  tvhich  tends  to 
cluinge  (a)  Hie  state  of  rest^  or  (b)  the  uniform  motion  of  a 
body. 

2.  TJie  unit  of  force  (the  dyne)  is  such  tJiat  acting  for  one 
second  upon  a  gramme  of  matter  generates  a  velocity  of 
1  centimetre  per  second. 

If  a  gramme  of  matter  is  allowed  to  fall  freely  under  the 
force  of  gravity,  its  velocity  at  the  end  of  one  second  is  in 
London  approximately  981  centimetres  per  second.  A 
force  equal  to  the  weight  of  one  gramme  is  therefore  981 
dynes. 

3.  Work  (in  ergs)  is  equal  to  the  force  in  dynes  multiplied 
by  the  distance  (in  centimetres)  through  whiclt  it  is  overcome. 

4.  Unit  qiuintity  of  electi'icity  is  such  that  when  placed 
in  air  at  a  distance  of  one  centimetre  from  a  similar  quan- 
tity it  is  repelled  with  unit  force  (one  dyne). 

5.  Unit  potential  exists  at  any  point  when  one  eiy  of  icork 
is  required  to  bring  a  unit  of  electricity  of  similar  sign  from 
an  infinite  distance  up  to  that  point  in  opposition  to  the  force 
of  repulsion. 

G.  The  potential  at  any  given  point  due  to  a  charge  is 
equal  to  the  quantity  of  the  charge  dic^ided  by  its  distance  from 
the  given  point. 

7.  The  force  of  attraction  or  repidsion  between  two  cJunyes 
in  air  is  equal  to  t}ie  product  of  their  quantities  divided  by  the 
square  of  the  distance  separating  them. 

8.  The  capacity  of  a  conductor  or  system  of  conductors  is 
equal  to  Hie  quantity  of  the  charge  divided  by  the  difference  of 
potential  existing.     (Vide  page  14  also.) 
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MAGNETISM. 


The  starting  point  in  magnetic  research  was  the  dis- 
covery of  an  ore  to  which  pieces  of  iron  and  steel  would 
adhere.  This  ore  received  the  name  of  "lodestone"  and 
is  now  known  to  be  the  black  oxide  of  iron  (Fe304).  It 
was  next  discovered  that  a  piece  of  steel,  after  being  rubbed 
with  lodestone,  exhibited  the  same  properties  as  the 
lodestone  itself, — ^in  fact,  became  what  is  now  termed  a 
permanent  magnet. 

The  mariner's  compass  and  the  law  governing  attraction 
and  repulsion  between  magnetic  poles  followed.  The  com- 
pass suggested  that  the  earth  itself  is  a  magnet  with  its 
North  and  South  poles  approximately  coincident  with  the 
North  and  South  geographical  poles.  The  actual  position 
of  the  North  magnetic  pole  is  lat.  70°  5'  and  long. 
96°  46'  W.,  but  it  is  believed  that  there  are  two  South  poles. 
A  compass  needle  in  London  points  about  16°  west  of  the 
geographic  North,  but  this  value  changes  from  year  to 
year. 

A  piece  of  iron  rubbed  with  lodestone  exliibits  little  or 
no  trace  of  magnetism  when  the  magnet  is  removed.  If, 
however,  the  lodestone  is  held  in  contact,  the  iron  exhibits 
the  properties  of  a  magnet.* 

Lines  of  Force. 

The  disturbance  created  in  the  region  of  a  magnet  is 
termed  a  magnetic  field  and  its  strength  is  determined  by 
the  value  of  the  force  of  attraction  or  repulsion  which  it 
exerts  upon  magnets. 

Lines  of  force  are  hypothetical  lines  along  which  an 
isolated  magnetic  pole  would  move  if  perfectly  free  to  do 
so.  Such  a  pole  cannot,  of  course,  be  obtained  and  its 
existence  is  only  jiostulated  for  the  simplification  of  the 
reasoning.  It  may,  however,  be  remarked  that  its  use 
in  dealing  with  the  mathematical  side  of  the  subject  is  as 
frequent  as  it  is  valuable,  and  that  the  transition  from  the 
I)08tulated  pole  to  actual  conditions  is  easily  accomplished. 

The  directions  of  the  lines  proceeding  from  magnets  are 
readily  made  apparent  by  sprinkling  iron  filings  upon  a 

*  The  molecular  hoory  of  ma^otism  is  given  iu  Appendix  A  {q.  v.). 
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sheet  of  paper  or  cardboard  placed  above  the  magnets. 
The  lines  of  force  in  passing  through  the  filings  cause 
each  one  to  become  a  magnet  and  to  "line  up  "  with  its 
neighbours  along  the  lines  of  force.  It  will,  however,  be 
noticed  that  the  filings  do  not  collect  along  the  magnet 
itself,  the  reason  being  that  iron  and  steel  conduct  lines  of 
force  far  better  than  air  and  but  few  lines  stray  out  of  the 
metal  into  the  surrounding  air. 

Every  line  of  force  is  a  closed  curve,  the  direction  of 
which  is  from  South  to  North  inside  and  North  to  South 
outside  the  magnet.  Each  line  may  be  regarded  as  tend- 
ing to  repel  the  lines  of  force  upon  either  side  of  it  but 
having  a  tension  along  its  length.  Again,  lines  of  force 
can  never  cross  each  other.  Where  such  a  tendency  exists 
the  lines  repel  each  other  and  form  separate  and  distinct 
curves.  Every  line  of  force  tends  to  shorten  itself,  and 
where  motion  of  a  system  is  possible,  that  motion  takes 
place  in  such  a  way -as  to  render  the  lines  as  short  as 
possible. 

Magnetic  Induction. 

The  difference  between  a  magnet  and  a  piece  of  non- 
magnetic material  is,  that  the  magnet  possesses  lines  of 
force,  whereas  the  non-magnetic  material  does  not ;  also, 
that  in  the  latter  case,  lines  passing  through,  it  do  not 
render  it  magnetic  since  its  molecules  are  not  magnets.  If 
lines  pass  from  right  to  left  through  a  bar  of  iron,  at  the 
right-hand  side  of  the  iron  there  will  be  a  South,  and  at 
the  left-hand  side  a  North  pole.  The  statement  is  identical 
with  that  contained  in  the  subsequent  paragraph,  and  if 
the  reader  will  draw  a  couple  of  bars  in  a  straight  line 
with  each  other — one  representing  a  magnet  and  the  other 
a  piece  of  iron — he  will,  by  filling  in  the  directions  of  the 
lines  of  force  due  to  the  magnet,  observe  the  direction  in 
wliich  they  pass  through  the  iron  bar,  and  thus  deduce  the 
induced  polarity  of  that  iron  bar. 

Induction  takes  place  along  the  lines  of  force,  and  the 
hiduced  pole  is  opposite  in  character  to  the  {ndncinci  pole ; 
or,  to  give  an  example,  a  North  pole  apxoroached  to  the 
right-hand  side  of  an  iron  bar  causes  that  end  to  become 
a  South  pole,  the  result  being  attraction.  The  attraction 
between  a  magnet  and  a  piece  of  iron  is,  therefore,  the 
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result  of  previous  induction.  A  line  of  force  passes  just 
as  easily  through  brass,  wood,  glass,  etc.,  as  through  air ; 
hence  the  interposition  of  a  piece  of  copper  or  other  non- 
magnetic substance  does  not  affect  the  action  of  the  magnet. 
From  that  which  has  been  already  said  on  the  subject  of 
lines  of  magnetic  force,  it  will  be  seen  that  the  molecules  of 
a  magnetic  substance  arrange  themselves  along  the  lines, 
and  that  to  magnetize  a  piece  of  steel  the  magnet  should 
be  stroked  along  in  one  direction  only.  The  end  at  which 
the  stroke  ceases  will  be  opposite  in  polarity  to  the  pole 
with  which  the  steel  is  rubbed. 


Quantitative  Values  of  Magnetic  Effects. 

The  various  calculations  in  regard  to  magnets  are  based 
primarily  upon  the  definition  of  a  unit  magnetic  pole,  and 
for  the  use  of  more  advanced  students  a  few  of  the  more 
important  definitions  and  experimental  facts  are  succinctly 
given  below. 

1.  A  unit  inagnetic  pole  is  such  that  when  placed,  in  air, 
at  a  distance  of  one  centimetre  from  a  similar  pole  it  Vi 
repelled  icith  uiiit  force  (one  dyne). 

2.  A  magnetic  field  of  unit  intensity  has  one  line  of 
force  per  square  centimetre  passing  through  it;  it  acts  on 
unit  pole  u>ith  ^lnit  farce. 

From  definition  2  it  follows  that  unit  magnetic  field 
exists  at  every  point  one  centimetre  from  a  unit  magnetic 
pole  of  indefinitely  minute  size.  In  other  words,  4ir  lines 
of  force  proceed  from  a  unit  magnetic  pole  and  one  of 
these  lines  passes  through  each  square  centimetre  of  the 
area  of  an  imaginary  sphere  described,  with  a  radius  of 
one  centimetre,  around  the  unit  pole. 

3.  llie  force  of  attraction  or  repidsion  (in  dynes) 
heticecn  tiro  magnetic  poles  is  eqxial  to  the  product  of  their 
strengths  divided  by  the  square  of  the  distance  separating 
them. 

As  an  example  of  the  way  in  which  these  definitions  may 
be  employed,  imagine  that  a  magnet  having  a  pole  strength 
of  10  units  and  length  8  centimetres  is  placed  with  its 
nearer  pole  5  centimetres  from  a  magnetic  pole  of  3  units 
strength. 
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T.  J  ,         10  X  3  , 

Force  due  to  nearer  pole  =  - — f,>      dynes. 

T.         ^  ,.  ,  10  X  3  , 

J^orce  due  to  more  distant  pole    =      1*^2'  dynes. 

Net  effect  on  isolated  pole  =  -   ^.^  *   "~      1 02     dynes. 

=  1'02  dynes  approx. 

The  moment  of  a  magnet  is  defined  as  the  product  of 
its  pole  strength  and  its  length.  A  rough  approximation 
to  the  result  given  above  is  contained  in  the  statement  that 
the  force  due  to  a  magnet  at  a  given  point,  in  a  straight 
line  with  it,  is  directly  proportional  to  its  moment  and 
inversely  proportional  to  the  cube  of  the  distance  of  the 
centre  of  the  magnet  from  the  given  point. 

VOLTAIC  ELECTRICITY, 

The  arrangement  termed  a  voltaic  cell  consists  essentially 
of  two  dissimilar  metals  immersed  in  a  liquid  which  will 
form  a  chemical  compound  with  one  of  them,  e.  g.  a  piece 
of  copper  and  a  piece  of  zinc  immersed  in  dilute  sulphuric 
acid.  For  the  present  this  primitive  form  of  cell  will  sene 
the  purpose  of  illustrating  one  method  of  producing  the 
effect  known  as  an  electric  current.  The  term  "battery" 
will  be  used  to  describe  a  collection  of  cells  properly  con- 
nected together. 

A  copper  wire  joining  the  zinc  and  copper  ends  of  a 
voltaic  cell  has  properties  which  are  not  possessed  by  an 
ordinary  piece  of  copper.  These  properties,  which  arise 
from  the  fact  that  the  wire  conveys  an  electric  current,'^  are 
thermal  and  magnetic.  If  a  cell  of  sufficient  dimensions  is 
employed  in  conjunction  with  a  thin  wire  the  latter  may  be 
made  incandescent.  In  every  case  heat  is  generated,  but 
frequently  the  amount  is  too  small  to  be  measured  or 
observed  by  any  ordinary  method.  The  magnetic  effect  is,, 
however,  far  more  readily  shown. 

*  The  discussion  as  to  what  electricity  may  actually  be  is  far  beyond 
the  scope  of  thiB  work,  but  a  reference  to  the  source  from  which  the 
trend  of  modern  thovsht  may  be  gathered  will  probably  be  useful  to 
some  readers.  The  reference  is  Jmmuil  of  the  InstittUii/n  of  Electrical 
Engineers,  YoL  XXXU,  **  Klectrons,"  by  Si,r  Oliver  J.  L«Klge. 
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A  magnetic  field  exists  round  any  wire  carrying  an 
electric  current,  and  the  lines  of  force  will  be  found  to  lie 
in  concentric  circles  with  the  wire  as  centre.  This  fact 
can  be  demonstrated  by  a  current-conveying  wire  passing 
through  a  piece  of  glass  or  cardboard  upon  which  iron 
filings  are  strewn.  The  general  appearance  of  the  filings, 
after  tapping  the  glass  or  cardboard  so  as  to  enable  the 
filings  to  settle  into  position,  is  indicated  in  Fig.  1. 


Fio.  1.— Iron  filings  round  a  current- 
con  veying  wire. 


FiQ.  2.— IlluMtrates  the  relation  between 
the  direction  of  a  current  and  its 
mtguetic  field. 


An  electric  current  has  magnitude  and  direction.  Its 
direction  outside  the  cell  is  from  the  copper  pole  through 
the  wire  to  the  zinc  pole,  and  the  magnetic  field  created  is 
always  in  strict  accordance  with  the  magnitude  and  direction 
of  the  current. 

A  few  of  the  lines  of  force  generated  in  a  conductor  bent 
into  a  loop  are  shown  in  Fig.  2,  in  such  a  manner  that 
the  relation  between  the  direction  of  the  current  and  the 
direction  of  the  magnetic  field  produced  is  at  once 
apparent. 

A  compass  needle  or  a  freely  suspended  magnet  points 
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to  the  magnetic  North  and  South,  and  force  is  required  to 
deflect  it  from  that  position.  The  best  position  in  -which 
the  force  can  be  applied  so  as  to  produce  the  maximum 
deflection  is  at  right  angles  to  the  needle.  A  magnet, 
placed  at  right  angles  to  the  needle,  tends  to  send  lines 
of  force  straight  across  it,  thus  attracting  one  pole  and 
repelling  the  other.  If  the  earth's  field  were  absent  the 
compass  needle  would  set  itself  along  the  magnet's  lines  of 
force,  in  precisely  the  same  way  that  the  compass  needle 
normally  sets  itself  along  the  earth's  lines  of  force. 
When  both  fields  are  present  the  needle  is  urged  by 
two  forces  at  right  angles  to  each  other,  and  the  position 
which  it  takes  up  depends  entirely  upon  their  relative 
magnitudes.     If  equal,  then  a  deflection  of  45°  results. 

It  has  already  been  poitited  out,  that,  round  a  wire 
conveying  a  current,  there  are  lines  of  force  arranged  in 
concentric  circles  at  right  angles  to  its  length.  Also  that 
the  difference  between  an  ordinary  piece  of  wire  and  one 
conveying  a  current  is  the  absence  of  the  magnetic  field  in 
the  former  case.  If  the  current-conveying  wire  is  placed  in 
such  a  position  that  its  magnetic  field  acts  at  right  angles 
to  that  due  to  the  earth,  an  alteration  in  tlie  position  of  a 
compass  needle  placed  at  that  point  will  result.  The 
position  in  which  the  wire  should  be  placed  so  as  to 
produce  the  effect  described  is  above  or  below,  but  in  the 
same  straight  line  as  the  needle.  The  wire's  lines  of  force 
pass  round  the  wire  in  planes  at  right  angles  to  the  length 
of  the  wire,  thus  tending  to  cut  the  earth's  lines  of  force  at 
right  angles,  and  so  produce  a  deflection  of  the  needle. 

It  has  been  stated  that  where  two  magnetic  fields  whose 
directions  when  separately  considered  were  at  right  angles 
to  each  other,  the  magnetic  fields  tended  to  cross  one 
another.  Lines  of  force  can  never  cross  each  other,  because 
the  magnetic  field  at  the  point  of  intersection  would,  in 
that  case,  have  two  values,  which  is  manifestly  impos- 
sible. A  current-conveying  wire  lying  in  tlie  magnetic 
meridian  directly  above  a  compass  needle  causes  the  needle 
to  be  deflected.  The  field  due  to  the  earth  is  altered  in  its 
distribution  by  the  field  dne  to  the  current,  and  the  needle 
sets  itself  in  the  direction  in  which  the  re-distributed  lines 
now  stand.  In  other  words,  a  resultant  magnetic  field  is 
produced  by  the  action  of  the  [two  separate  fields  and  its 
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direction  and  magnitnde  depend  upon  the  values  of  the 
two  fields. 

By  reversing  the  batteiy  connected  to  the  wire  the  direc- 
tion of  the  lines  of  force  due  to  the  current  is  changed. 

The  direction  of  a  line  of  force  above  a  current-conveying 
wire  is  opposite  to  its  direction  below  the  wire  (see  Fig.  2), 
and  therefore  the  direction  in  which  a  compass  needle  is 
deflected  is  dependent  not  only  upon  the  direction  of  the 
current,  but  upon  whether  the  wire  is  held  above  or  below 
the  needle.  There  are  many  niles  for  memorizing  these 
effects,   but  three  only  will  be  given. 

1.  Mnemonic  "  SKOW,"  a  current  passing  from  South  to 
North  Over  the  needle  causes  the  North  pole  to  be  deflected 
to  the  West. 

2.  Place  the  outstretched  ru]1it  hand  between  the  wire 
and  the  needle,  with  tlie  palm  of  the  hand  facing  the  needle, 
so  that  were  the  hand  the  wire,  the  current  would  flow  from 
wrist  to  fingers.  The  outstretched  thumb  will  then  indicate 
the  direction  in  which  the  North  pole  will  turn. 

3.  Imagine  a  man  swimming  in  the  wire  in  the  direction 
of  the  current,  and  that  he  turns  so  as  to  face  the  needle, 
then  the  North  pole  of  the  needle  will  be  deflected  towards 
his  left  hand. 

The  converse  of  these  rules,  i.  e.  the  determination  of  the 
direction  of  a  current  from  the  known  direction  in  which  a 
compass  needle  is  deflected,  is  sufficiently  obvious. 

Conductors  and  Insulators. 

If  the  poles  of  a  voltaic  cell  are  joined  by  a  dry  piece  of 
glass  it  will  be  found  that  no  current  exists.  It  is  there- 
fore clear  that  glass  is  a  substance  that  will  not  permit  the 
effect  termed  an  electric  current  to  take  place  along  it. 
Such  substances  are  tenned  non-conductors,  or  insulators, 
in  contradistinction  to  conductors,  and  of  all  known  sub- 
stances silver  conducts  electricity  most  freely,  whilst 
perfectly  dry  air  is  the  best  insulator.  Electrical  con- 
ductivity is,  however,  a  matter  of  degree,  for,  whilst  no 
substance  conducts  perfectly,  it  is  certain  that  no  substance 
is  a  perfect  insulator.  The  best  conductors  are  metals  in 
the  following  order  : — Silver,  copper,  gold,  zinc,  platinum, 
iron,  tin,  lead,  and  mercury.     Next  come  carbon,  acids,  salt 
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st)hitions,  and  water.  Taking  instilato-s  in  the  same  way 
the  order  is  : — Dry  air,  glass,  ebonite,  paraffin  wax,  india- 
rubber,  gutta-percha,  silk,  wool,  porcelain,  oils,  paper, 
marble.  This  order  is,  however,  subject  to  variations  in 
accordance  with  the  condition  of  the  material. 

The  path,  along  which  a  current  flows,  is  termed  a 
circuit,  and  it  is  said  to  be  completed  when  the  current  is 
passing. 

VNITS, 

Before  electric  currents  can  be  compared  standards  must 
be  defined  in  just  the  same  way  that  the  imits  of  length, 
weight,  and  time,  are  defined  in  ordinary  commerce. 

Electromotive  foi'ce  stands  in  much  the  same  relation  to 
electricity  as  pressure  does  when  applied  to  water.  The 
different  degrees  to  which  Tarious  substances  will  permit 
the  passage  of  a  current  has  already  been  remarked. 
Another  way  of  expressing  the  same  fact  is  to  say  that 
some  conductors  offer  more  resistance  than  others. 

A  pipe  of  fixed  size  will  deliver  water  at  a  certain  rate 
when  a  given  pressure  is  applied.  An  increase  in  the 
pressure  or  an  increase  in  the  size  of  the  pipe  will  result  in 
a  corresponding  increase  in  the  flow  of  water  through  it. 
Similarly  in  an  electrical  circuit  an  increase  in  the  electrical 
pressure  or  E.M.F.,  or  a  reduction  in  the  resistance  of  the 
circuit  will  result  in  an  increased  value  of  cui*rent. 

The  units  of  current,  electromotive  force  and  resistance 
are  as  follows  : — 

Current The  ampere. 

Electromotive  force      .     .       „     volt. 
.Resistance ,,     ohm. 

The  Ohm  is  represented  by  the  rcsiMunee  offered  to  an 
Ufivarying  electric  current  hy  a  column  of  mercury  at  the 
temperature  of  melting  ice  (0°  C.  or  32°  F.)  14*4521  grammen 
in  viass,  of  a  constant  cross  sectional  area,  and  of  a  length 
of  100*3  centimetres. 

This  unit  represents  about  the  resistance  offered  by  80J 
yards  of  the  gutta-percha  covered  wire  formerly  used  in  join- 
ing up  the  instruments  upon  the  tables  in  a  telegraph  offi(»e. 
It  is  the  resistance  offered  by  about  2(X)  yards  of  100  lb. 
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copper  line  wire,  or  by  about  132  yards  of  400  lb.  iron 
line  wire. 

The  Volt  is  represented  by  '6974  (Vt^t)  of  the  electrical 
pres8ure  at  a  temperature  of  15°  C.  between  the  poles  of  the 
voltaic  cellf  known  as  ClarVs  cell,  set  up  in  accordance  with 
a  detailed  specification. 

The  E.M.F.  of  a  Daniell  cell  is  rather  more  than  one  volt, 
whilst  that  of  the  Clark  cell  is  rather  less  than  1^^  volts 
(actually  1*434  volts  at  15°  C). 

The  Ampere  is  the  current  which  u-ill  flow  through  a 
circuit  Jiaving  a  resistance  of  one  ohm  when  urged  by  an 
electromotive  force  of  one  volt. 

Such  a  current  will  deposit  silver  from  a  solution  of 
nitrate  of  silver  in  water  at  the  rate  of  '001118  of  a  gramme 
per  second.  This  is  the  legal  definition  of  a  current  of 
one  ampere,  and  a  specification  is  appended  stating  the 
details  of  the  method  of  carrying  out  the  determination.* 

In  telegraph  practice  the  ampere  is  too  large  a  unit,  and 
it  is  therefore  sub-divided  into  "  milli-amperes,"  which,  as 
the  name  implies,  means  thousandth  parts  of  one  ampere. 
This  is  usually  denoted  by  the  contraction  "  m.a.,"  and 
1000  m.a.  would  therefore  mean  one  thousand  milli-amperes, 
or  one  ampere. 

In  order  to  avoid  the  constant  writing  of  the  words 
**  ohm  "  or  "  ohms  "  after  numbers  the  small  Greek  letter 
"  "  "  (omega)  is  used  as  an  affix.  Thus,  "  one  hundred  and 
fifty  ohms  "  is  written  "  150**."  The  capital  letter  has  been 
similarly  employed  to  represent  "  megohms  "  or  millions 
of  ohms,  thus  10°  means  10  megohms  or  10,000,000"».  This 
convention  is  extremely  useful  in  stating  insulation  resist- 
ances, which  are  usually  of  this  order  of  magnitude. 

For  extremely  small  resistances  such  as  the  resistance 
between  the  opposite  faces  of  a  unit  cube  of  metal  or 
other  highly  conductive  substances  the  "microhm"  or  one 
millionth  of  an  ohm  is  very  frequently  emplo5^ed.  For 
instance,  the  expression  "  105  microhms"  therefore  repre- 
sents -000165-. 

*  The  definitions  of  the  three  units,  together  witli  the  specifications  as  to 
determination,  arc  to  be  found  in  the  Eledrician  of  August  31,  lcS04,  })age 
518. 
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OIIM?S  LAW. 

Ohm  discovered  that  the  following  relations  existed 
between  these  units  :  The  strength  of  cui^ent  through  any 
circuit  varies  directly  as  the  electromotive  force  and  inversely 
as  the  resistance,  or,  stated  in  a  more  definite  manner,  the 
number  of  amperes  flowing  through  a  circuit  is  equal 
to  the  number  of  volts  of  electromotive  force  divided  by  the 
number  of  ohms  of  resistance  in  the  entire  circuit,  or  :  — 

/^        _    .         Eloctroinotive  force       •  >-*         TIj 

Current  =    -,Vci,tance—     *•  «•  ^  =  ^. 
whence  R  =  -^,  and  E  =  C  x  R, 

where  C,  R,  and  E,  are  respectively  the  current,  resistance, 
and  electromotive  force  in  the  circuit. 

P^or  instance,  an  E.M.F.  of  12  volts  applied  to  a  circuit 
of  6  ohms  resistance  will  produce  a  current  of  V-  —  2 
amperes.  If  the  E.M.F.  in  a  circuit  be  30  volts  and  the 
current  10  milli-amperes,  its  resistance  must  be  -^-f^  —  3000 
ohms.  If  the  current  is  2  amperes  and  the  resistance  is 
10  ohms,  then  the  E.M.F.  in  the  circuit  will  be  10  X  2  = 
20  volts.  These  quantities  should  all  be  expressed  in 
volts,  amperes,  and  ohms. 

B,A.  AND  STANDARD   UNITS. 

Here  it  may  be  well  to  carefully  define  the  difference 
between  B.A.  units  and  Standard  units.  The  value  of  the 
ohm  is  stated  in  reference  to  the  fundamental  units  of 
length  and  time,  i.  e.  in  reference  to  centimetres  and 
seconds.  This  value  is  determined  by  absolute  measure- 
ments, and  when  the  value  was  given  by  the  British 
Association  it  rej)resented  the  most  careful  and  exact 
determination  which  could  at  that  time  be  made.  Later, 
with  ever  increasing  knowledge  and  more  accurate  experi- 
ments, it  became  evident  that  the  former  results  were 
incorrect  to  the  extent  of  rather  more  than  one  per  cent. 
Accordingly  new  determinations  were  undertaken  with  the 
result  that  the  value  of  the  ohm  was  defined  as  given 
above. 

The  imit  of  current  was  left  unchanged,  and  to  accomplish 
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this  a  revision  of  the  value  of  the  volt  was  necessary. 
The  B.A.  ohm  was  multiplied  by  1013G  and  therefore  the 
volt  had  similarly  to  be  multiplied  in  order  to  keep  the 
value  of  the  current  the  same.  This  gives  "standard" 
ohms  and  volts  as  laid  down  by  the  Board  of  Trade. 

It  should  be  remarked,  however,  that  although  several 
yeare  have  passed  since  this  change  was  made  there  is 
still  much  apparatus  in  use  where  the  values  are  marked 
in  the  old  units.  Every  accurate  measuring  instrument  in 
use  by  the  Department  is  marked  "  Standard  ohms  "  where 
the  revision  in  value  has  been  made. 


OTHER  ELECTRICAL   UNITS. 

From  the  three  units  of  current,  E.M.F.,  and  resistance, 
the  remaining  electrical  units  may  readily  be  derived  and, 
although  detailed  treatment  is  scarcely  possible  in  a  work 
of  this  description,  it  is  undesirable  to  entirely  omit  them 
since  there  are  many  cases  in  which  their  use  is  essential. 

The  Coulomb  is  the  unit  of  qiuiutily  of  electricity  and 
may  he  defined  as  the  qiuuitity  of  electricity  which  would 
]xii^  any  given  point  in  a  circuit  catTying  an  uncai^iug 
current  of  one  ampere  in  one  second. 

The  Farad  is  the  unit  of  capacity  and  represents  the 
capacity  of  a  condenser  which  at  a  pressure  of  one  volt 
would  he  chaiyed  with  one  coulomh  of  electricity. 

Relationships  analagous  to  Ohm's  law  exist  between 
E.M.F.,  quantity,  and  capacity.     They  are  : — 

Difference  of  potential  =  ^^^^  ?/ 
Capacity 

Cai>acity  =  ,,„  ^^"^'7 

Difference  of  potential 

Quantity  -—  Difference  of  potential  x  capacity. 

If  a  condenser  of  '001  farad  capacity  has  a  charge  of  '2 
coulombs  the  difference  of  potential  across  its  terminals  is 

.  1_  =  200  volts. 
001 

As  an  example  of  the  second  relation  suppose  that  the 
.quantity  of  electricity  in  a  condenser  is  '01  coulomb  whilst 
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the  difference  of  potential  across  its  terminals  is  50  volts. 
The  capacity  is  then  "Ji  =  '0002  farad. 

The  third  form  of  the  relation  is  illustrated  by  ascer- 
taining the  charge  in  a  condenser  of  say  "00002  farads 
capacity  due  to  the  application  of  an  E.M.F.  of  50  volts. 
It  is  50  X  -00002  =  -001  coulomb. 

The  values  of  the  capacity  chosen  in  these  examples 
have  been  extremely  small  fractions  of  tlie  unit,  the  farad, 
but  even  these  fractions  are  far  larger  than  are  met  with 
in  the  case  of  long  aerial  or  even  short  underground 
telegraph  circuits,  consequently  a  sub-division  of  the  farad,. 
the  microfarad,  is  employed  in  practice.  It  is  equal  to- 
one  millionth  part  of  one  farad  and  is  usually  denoted  by 
the  affix  "m.f." 

An  example  of  a  case  occurring  in  telegrai)h  practice  is- 
that  of  a  shunted  condenser  (g.  r.).  If  an  E.M.F  of  30  volts- 
is  applied  to  a  condenser  of  Sg  m.f.  cajDacity  the  value  of 

the  charge  will  be  f^J^r^^  =  -000105  coulomb. 

One  microfarad  is  the  capacity  of  about  three  miles  of 
a  telegraph  circuit  consisting  of  a  gutta-percha  covered 
wire  laid  in  pipes  in  the  earth.  It  is  the  average  capacity 
of  about  70  miles  of  100  lb.  copper  wire  erected  upon  poles 
and  of  8  miles  of  40  lb.  conductor  screened  cable  laid 
underground. 

The  unit  of  self-induction  still  remains  to  bo  considered. 
The  phenomenon  is  simple  and  capable  of  easy  ex]3lana- 
tion,  but  the  complete  definition  of  the  value  of  the 
self-inductance  of  a  circuit  is  somewhat  complex. 

Wherever  a  current  exists  there  is  a  magnetic  field. 
This  field  is  the  result  of  the  cun-ent,  and  in  coming  into 
existence  it  cuts  through  the  current-conveying  conductors 
to  which  it  owes  its  origin.  Now  wherever  a  magnetic 
field  cuts  a  conductor  or  vice  verm  an  E.M.F.  is  generated. 
Imagine  a  battery  or  other  source  of  E.M.F.  applied 
to  a  coil  of  wire  such  as  that  shown  in  Fig.  27.  The 
current  does  not  instantly  attain  its  full  value,  since  its  rise 
is  opposed  by  the  E.M.F.  generated  by  the  lines  of  force 
cutting  through  the  conductors.  This  opposing  E.M.F. 
is  termed  the  "  back  E.M.F."  of  self-induction.  If,  now,  the 
coil  and  battery  are  short-circuited,  a  current  will  flow 
through  the  circidt  in  the  same  direction  as  the  original 
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battery  current.  This  is  caused  by  the  collapse  of  the  lines 
of  force  which,  in  so  doing,  cut  through  the  conductors 
in  the  opposite  direction. 

The  Henry  is  the  unit  of  self-inductance,  and  represents 
the  8elf -inductance  of  a  circuit  in  which  a  counter  E.M.F. 
of  one  volt  is  generated  when  the  value  of  the  cui'rent  changes 
at  the  rate  of  one  ampere  per  second. 

One  or  two  general  remarks  may  be  made  upon  this 
definition,  but  detailed  treatment  is  altogether  beyond  the 
scope  of  the  present  work. 

If  a  bar-magnet  is  plunged  into  a  coil  of  wire  its  lines 
of  force  cut  through  the  conductors  and  an  E.M.F.  is 
generated.  The  value  of  this  E.M.F.  depends  directly 
upon  the  strength  of  the  magnetic  field,  the  rate  of 
motion,  and  upon  the  number  of  convolutions  of  wire. 
In  any  given  coil  the  E.M.F.  will  be  directly  proportional 
to  the  strength  of  the  magnetic  field  encircling  the  con- 
volutions, hence  doubling  the  field  means  doubling  the 
E.M.F.  generated.  This  E.M.F.  will  also  be  directly  pro- 
portional to  the  number  of  turns  of  wire.  If,  therefore,  the 
number  of  turns  of  wire  in  the  coil  be  doubled  the  generated 
E.M.F.  will  similarly  be  doubled.  From  these  two  state- 
ments it  may  be  deduced  that  the  self-inductance  of  a  coil  of 
wire  is  directly  proportional  to  the  square  of  the  number  of 
turns  of  wire.  If  a  current  through  one  turn  of  wire 
is  suddenly  started  or  stopped  an  E.M.F.  proportional 
to  the  magnetic  field  created  or  destroyed  is  generated.  If 
the  same  current  is  still  employed,  but  two  turns  of  wire 
are  included,  it  will  be  obvious  that  the  magnetic  field 
will  have  been  doubled.  This  doubled  field  cuts  twice 
as  many  turns  of  wire,  hence  the  E.M.F.  generated  in  the 
case  of  two  turns  is  2^  or  four  times  that  of  one  turn. 
Similarly  5  turns  would  mean  5^  times  the  E.M.F. 
generated,  or  from  the  above  definition  would  mean 
25  times  the  self-inductance. 

The  self-inductance  of  an  electromagnet  varies  with 
the  value  of  the  current  employed,  being  largest  for  small 
values.  Hence  in  stating  the  self-inductance  of  a  relay, 
for  instance,  the  value  of  the  current  is  stated.  The  self- 
inductance  of  a  P.O.  standard  "  A "  relay  is  3*25  henries, 
"  B  "  relay  214  henries,  "  C  "  relay  26-4  henries,  and  of 
a  Siemens  relay  7 '07  henries  respectively  for  a  current 
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of  20  m.a.  The  self-inductance  when  small  in  value  is 
often  expressed  in  thousandths  of  a  henry  or  in  milli- 
henries. 

The  self-inductance  of  a  relay  with  its  coils  in  parallel 
is  one-quarter  of  its  value  with  its  coils  in  series,  since  the 
effective  number  of  turns  is  one-half  in  the  latter  case. 

The  units  of  power  and  energy  may  be  given  to  complete 
the  list  of  practical  units.  Hie  vyatt  is  the  rate  at  which 
work  is  done  when  one  ampere  floios  throtujh  a  conductor 
ii?ith  a  difference  of  potential  of  one  volt  across  the  ends  of 
the  conductor. 

Watts  =  E  xG  or  C-  xRoT-jj' 

An  incandescent  lamp  requiring  '56  ampere  upon  a 
100  volt  circuit  therefore  takes  100  X  '56  =  56  watts.  Ah 
74G  watts  is  equal  to  one  horse-power  the  lamp  is  taking 
approximately  xts  of  one  horse-power. 

The  commercial  unit  in  which  electrical  energy  is  sold 
by  electrical  undertakings  is  known  as  the  Board  of  Trade 
unit  and  is  the  practical  unit  of  energy.  Tlie  Bomvi  of 
Trade  unit  is  equal  to  1000  loatt  hours,  i.e.  1'34  horse-power 
for  one  hour. 

Twenty  of  the  lamps  mentioned  above  would  consume 
1120  watts,  and  if  burning  for  three  hours  the  energy- 
used  would  be  1120  X  3  =  3360  watt-hours  or  3'36  B.O.T. 
units. 


CHAPTER  I 
PRIMARY  CELLS, 

AN  electric  current  represents  a  certain  amount  of 
energy.  It.  is  not  in  the  power  of  man  to  create 
energy,  but  the  energy  with  which  the  world  is  endowed 
may  be  applied  to  effect  desired  ends.  A  voltaic  cell  may 
be  defined  as  a  piece  of  apparatus  which  converts  chemical 
energy  into  electrical  energy.  A  due  appreciation  of  this 
will  greatly  facilitate  the  comprehension  of  the  processes 
involved  in  the  voltaic  cell.  A  cell  supplies  electrical 
energy,  in  the  shape  of  an  electric  current,  by  taking  an 
amount  of  chemical  energy,  equal  to  the  electrical  energy, 
from  the  constituent  parts  of  the  cell. 

In  the  simple  cell  previously  mentioned  the  sulphuric 
acid  attacks  the  zinc,  and  with  it  forms  a  chemical  com- 
pound known  as  sulphate  of  zinc.  If,  however,  a  cell  of 
this  description  is  put  to  practical  uses,  it  will  be  found 
that  the  current  grows  rapidly  weaker,  until  at  last  it 
almost  ceases.  The  reason  is  that  the  hydrogen,  which  is 
liberated  in  the  re-arrangement  of  the  chemical  compoimds, 
forms  a  layer  of  gas  over  the  copper  plate.  Again,  the 
impurities  in  the  zinc,  such  as  iron,  tin,  arsenic,  etc.,  com- 
bine with  the  zinc  to  form  little  batteries,  and  waste  it  away 
without  any  equivalent  of  work  done  in  the  external  circuit. 
This  evil  is  known  as  local  action.  The  words  **  external 
circuit "  are  used  in  contradistinction  to  the  "  internal 
circuit,"  or  path  of  the  current  inside  the  cell  itself.  The 
troubles  to  which  the  impurities  in  the  zinc  give  rise  are 
eliminated  by  the  process  known  as  amaJgaTnation, -which 
consists  in  coating  the  zinc  with  mercury,  thus  making  it 
behave  as  though  it  were  chemically  pure. 

Although  this  remedy  has  been  known  since  1828  the 

]S 
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theory  of  its  action  is  still  undecided.  It  has  been  sug- 
gested that,  since  zinc  amalgamates  so  readily,  the  zinc  at 
once  passes  to  the  surface  of  the  amalgam,  whereas  the 
impurities,  being  less  readily  amalgamated,  do  not  pass 
to  the  surface.  The  amalgam  would  thus  act  as  a  filter, 
but  as  soon  as  it  became  thin  the  impurities  would  project 
and  local  action  result,  which  is  found  to  be  the  case. 

This  view  of  the  matter  is  satisfactory  so  far  as  the 
impurities  are  concerned,  but  it  fails  to  explain  the  absence 
of  local  action  between  tlie  zinc  and  the  mercury.* 

The  accumulation  of  the  hydrogen  upon  the  negative 
element  is  not  so  easily  remedied.  The  thin  coating  of 
this  electro-positive  gas  gives  rise  to  what  is  termed 
**  polarization  "  and  its  eflPects  are  most  deleterious. 

Firstly,  covering  the  surface  of  the  plate  with  hydrogen 
reduces  the  area  in  contact  with  the  liquid  which  in- 
creases the  internal  resistance  of  the  cell  (see  Chapter  II). 
Secondly,  and  this  is  by  far  the  more  serious  aspect  of  the 
question,  hydrogen  is  electropositive,  and  therefore  tends  to 
recombine  with  the  zinc  sulphate  and  so  to  deposit  zinc 
upon  the  negative  element.  The  statement  of  this  tendency 
is  another  way  of  saying  that  an  E.M.F.  is  set  up  in  oppo- 
sition to  the  prime  E.M.F.  of  the  cell.  The  E.M.F.  of  the 
cell  imder  such  conditions  is  seriously  decreased.  In  a 
simple  cell  such  as  that  considered  it  was  found  that  the 
E.M.F.  fell  from  '85  volt  to  '54  volt  in  one  minute  after  its 
terminals  were  joined  through  a  resistance  of  10**  and  to 
'355  volt  at  the  end  of  five  minutes.  It  will  therefore  be 
realized  how  serious  a  matter  polarization  becomes,  and 
that  its  prevention  is  imperative  if  anything  which  even 
remotely  resembles  a  steady  current  is  to  be  obtained. 

The  E.M.F.  of  any  particular  type  of  cell  is  independent 
of  its  dimensions,  but  its  internal  resistance  is  dependent 
apon  them,  and  generally  speaking  the  larger  the  cell  the 
lower  is  its  internal  resistance,  and  also  the  greater  is  the 
amoxmt  of  electrical  energy  which  may  be  obtained  for  a 
single  charge.  These  points  are,  however,  reverted  to  in 
Chapter  II.  f 

Although  it  has  been  noted  that  the  hydrogen  liberated 

•  Primary  BcUteries,  by  W.  R.  Cooper. 

t  At  this  point  readers  who  have  little  or  no  knowledge  of  chemistry 
are  advised  to  carefully  read  Appendix  B  on  chemistry. 
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during  the  action  of  the  cell  is  deposited  upon  the  negative 
element,  the  way  in  which  this  occurs  has  not  yet  been 
dealt  with.  The  hydrogen  does  not  pass  from  the  positive 
element  through  the  electrolyte  in  the  form  of  bubbles. 
Upon  being  liberated  by  the  combination  of  zinc  with  the 
sulphuric  acid  it  immediately  combines  with  the  SO4  of  an 
adjacent  molecule  of  HgSO^,  thus  liberating  the  hydrogen 
from  this  molecule.  The  action  is  repeated  across  the 
liquid  until  the  negative  element  is  reached,  when  the 
hydrogen  comes  off  in  the  form  of  visible  bubbles.  No 
sign  of  the  action  is  to  be  seen  in  the  liquid  which 
intervenes  between  the  two  elements  of  the  cell. 

It  has  already  been  stated  that  zinc  is  the  negative  and 
copper  the  positive  terminal  of  the  cell  under  consideration. 
In  the  external  circuit  the  current  flows  from  copper  to 
zinc,  but  in  order  that  the  circuit  may  be  complete  (without 
which  there  can  be  no  current)  the  current  must  flow  from 
zinc  to  copper  inside  the  cell,  hence  to  express  both  facts  the 
zinc  is  termed  the  'positive  element,  but  the  negative  pole 
or  terminal  of  the  cell.  Similarly  the  copper  is  the  negative 
element  but  the  positive  pole. 

The  positive  metal  or  element  is  always  the  one  which 
is  acted  on  or  consumed  by  the  liquid.  The  liquid  which 
consumes  the  zinc,  when  the  circuit  is  completed,  is  called 
the  exciting  fluid,  as  opposed  to  the  liquid  taking  up  the 
hydrogen  which  is  called  the  depolarizing  fluid.  The 
hydrogen  causes  polarization  unless  means  are  employed 
to  get  rid  of  it,  or  in  other  words  to  c^epolarize  the  cell. 

Dan  I  ELL  Battery. 

The  Post  Oftice  form  of  Daniell  battery  consists  of  a 
teak  trough  with  a  hinged  lid  and  divided  by  slate  par- 
titions for  the  required  number  of  cells.  In  the  five-cell 
form  (Fig.  3)  the  trough  is  divided  into  five  compartments 
or  cells  by  means  of  four  slate  partitions.  The  whole  of 
the  interior  of  the  trough  is  treated  with  marine  glue, 
which  affords  an  adhesive  surface  for  the  glass  plates  that 
line  the  four  sides  and  the  bottom  of  each  cell,  thus  rendering 
them  perfectly  watertight.  A  small  projection  is  raised 
near  the  centre  of  each  cell  for  the  purpose  of  keeping  in 
position  the  jar  of  unglazed  earthenware  usually  termed  a 
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**  porous  pot."  This  porous  pot  is  slightly  wedge-shapeil 
in  section,  having  its  smaller  end  for  base,  and  is  laterally 
very  wide,  but  is  short  in  the  direction  of  the  length  of  the 
battery.  The  porous  pot  is  usually  treated  with  paraffin 
wax  save  upon  the  side  which  faces  the  zinc  plate  furthest 
away  from  the  slate  partition.  This  slightly  increases  the 
internal  resistance,  but  very  considerably  arrests  the  inter- 
mingling of  the  solutions.  The  copper  plate  in  the  large 
size  of  cell  measures  i^  inches  by  4|^  inches,  and  is  contained 
in  the  porous  pot  which  is  filled  about  three  parts  full  of 
copper  sulphate  crystals  (about  four  ounces)  and  filled  up 
with  water.     This  gives  a  saturated  solution  of  copper  sul- 


Fio.  3.— A  5-ccll  Ljirge  Ddiiiell  battery. 


phate,  the  strength  of  which  is  constantly  maintained  since 
fresh  crystals  dissolve  as  fast  as  the  copper  sulphate  solu- 
tion is  weakened  by  the  action  of  the  cell.  The  remaining 
space  in  the  compartment  is  occupied  by  a  zinc  plate  4, J 
inches  by  2^  inches  in  area,  together  with  the  exciting 
fluid  which  consists  of  soft  water,  or  under  special  circum- 
stances, of  a  sulphate  of  zinc  solution. 

The  five-cell  battery  is  furnished  with  four  pairs  of  plates 
and  two  end  plates.  A  thin  copper  strap  is  cast  into  each 
of  the  four  zinc  plates  and  a  rivet  is  employed  to  make  the 
connection  to  the  copper  plate  of  the  subsequent  cell.  The 
copper  plate  is  placed  in  one  cell  and  the  zinc  end  of  the 
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pair  of  plates  in  the  next  cell,  and  the  battery  is  therefore 
internally  joined  up  without  the  aid  of  binding  Bcrcws. 
The  last  plate  at  each  end  is  separate,  and  these  end  plates 
are  connected  to  the  two  binding  screws  w'hich  form  the 
terminals  of  the  battery. 

It  has  been  previously  pointed  out  that  the  hydrogen 
wdiich  is  liberated  during  the  action  of  a  cell  gives  rise  to 
the  trouble  known  as  polarization.  The  copper  sulphate 
solution  has  for  its  object  the  continuous  absorption  of  the 
hydrogen  as  fast  as  it  is  formed.  The  porous  pot  prevents 
the  exciting  and  depolarizing  fluids  from  freely  inter- 
mingling, but  at  the  same  time  keeps  them  in  intimate 
electrical  contact,  thus  enabling  a  current  to  flow  from  one 
to  the  other. 

Chemical  Action. — When  the  poles  of  the  cell  or  battery 
are  joined  by  a  wire,  the  oxygen  of  the  water  attacks  the 
zinc,  forming  an  oxide  of  zinc  and  liberating  hydrogen, 
which,  upon  reaching  the  copper  sulphate  solution,  combines 
with  it,  thus  forming  sulphuric  acid  and  metallic  copper,  the 
latter  being  deposited  upon  the  copper  plate.  The  sulphuric! 
acid  sooner  or  later  finds  its  way  into  the  outer  part  of  the 
cell,  where  it  attacks  the  zinc,  w^hen  the  chemical  action 
previously  shown  in  the  case  of  the  simple  cell  results.  It 
will  be  noticed  that  where  the  exciting  fluid  consists  of 
dilute  sulphuric  acid,  the  action  of  the  depolarizer  is  to 
form  sulphuric  acid  in  the  porous  pot  just  as  fast  as  it  is 
neutralized  in  the  zinc  part  of  the  cell.  The  strength  of 
the  acid  solution  is  therefore  kept  up,  and  in  practice  it  is 
necessary  to  occasionally  remove  the  solution  in  the  zinc 
compartment,  and  replace  it  by  water.* 

Leaving  the  first  action  resulting  in   the  formation  of 

*  Tho  chemical  action  of  a  Daniel  I  cell  in  wliicli  water  only  is  xu-escnt 
in  the  outer  compartment,  is 

Zn  +  H^O       =  Zn  0    +  Hg 
Ha  +  Cu  SO4  =  H2SO4  +  Cii 

With  a  zinc  sulphate  solution 

Zn  +  Zn  SO4  -^  Zn  SO^  ^    Zn 
Zn  -t-  Cu  SO4  =  Zn  ISO4  +  Cu 

It  is  interesting  to  note  that  in  this  case  zinc,  and  not  hydrogen,  is  tho 
polarizing  ion. 
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zinc  oxide,  sulphuric  acid  and  metallic  copper,  we  may 
consider  the  action  in  the  outer  cell  identical  with  that  of 
the  simple  cell  previously  quoted,  viz. : — 

Zn  +  H2SO4  =  ZnS04  +  H2 

These  two  atoms  of  hydrogen  upon  reaching  the  copper 
sulphate  solution  unite  with  it  thus  : — 

Hj         +       CuSO^      =        H2SO4      +  Cu 

Two  atoms  of    and     oDe  molecule     fonii     one  uioleculo     and     one  molecule 

hydrogen  of  copper  of  hydrogen  of  copper. 

BuIpIiHte  sulphate 

Hydrogen  sulphate  is  merely  another  name  for  sulphuric 
acid,  and  it  has  been  employed  merely  to  render  the 
changes  in  the  distribution  of  the  chemical  compounds 
more  obvious  to  the  non-chemical  reader. 

Practical  Notes. — In  setting  up  a  battery,  a  considerable 
time  has  to  be  allowed  for  tibe  solutions  to  permeate  the 
porous  pot,  and  force  out  all  the  air  left  in  the  pores. 
This  process  is  greatly  shortened  by  charging  the  porous 
cell,  and  then  allowing  it  to  stand  alone  for  a  short  time 
before  adding  the  water  to  the  zinc  compartment.  A 
battery  properly  made  up  should  be  ready  for  actual  use  in 
about  24  hours.  The  addition  of  a  little  zinc  sulphate  to 
the  water  considerably  improves  its  conductance,  and  this 
course  is  recommended  where  the  battery  is  required  for 
inmiediate  use.  Here  it  may  be  well  to  point  out  that, 
under  no  circumstances  must  dilute  sulphuric  acid  be  used 
instead  of  water — the  objection  being  that  the  amount  of 
local  action  is  thereby  very  greatly  increased. 

A  given  quantity  of  water  will  only  hold  a  certain 
definite  quantity  of  zinc  sulphate  in  solution,  and  when 
the  limit  is  reached  the  zinc  sulphate  begins  to  crystallize 
out,  and  deposits  itself  upon  the  zinc  plate.  It  will  there- 
fore be  seen  that  the  solution  should  be  replaced  by  water 
whenever  there  is  the  slightest  indication  of  the  point  of 
saturation  being  approached. 

The  presence  of  copper  sulphate  in  the  zinc  compartment 
leads  to  the  deposition  of  copper  in  the  form  of  black 
mud  upon  the  zinc  plate.  When  this  happens,  the  plate 
should  of  course   be  removed  and  ©leaned  before  being 
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replaced  in  the  water  wliicJi  has  been  substitnted  for  the 
solution. 

Two  sizes  of  Daniell  battery  are  used  by  the  Department, 
designated  "  Large  "  and  "  Small."  In  the  latter  tyi>e  the 
copper  plate  measures  3^  inches  by  3^  inches,  against  the 
4^  inches  by  4J  inches  of  the  "Large"  type.  In  future 
no  more  "Small  Daniell"  batteries  will  be  manufactured, 
and  as  each  battery  becomes  useless,  its  place  will  be 
taken  by  the  Large  size.     It  will,  however,  be  some  con- 


Fia.  4.— Porous  pot  frmi  of  Lcclanchc  cell. 


Fio.  4a.— AggloraeraU'  fi-rm  of  Leclanche  cell. 


siderable  time  before  the  last  "Small  Daniell"  has  been 
scrapped. 

Leclanche  Cells. 

The  containing  vessel  of  this  cell  (Fig.  4)  consists  of  a 
square  glass  jar,  ending  in  an  almost  circular  collar,  shaped 
to  admit  the  zinc  rod  which  forms  the  positive  element. 
The  rod  is  cast  on  to  a  copper  wire,  wliich  is  insulated  where 
it  emerges  from  the  zinc  and  forms  one  terminal  of  the  cell. 
The  collar  and  a  portion  of  the  jar  itself  is  usually  very 
heavily  coated  \yith  a  special  paint  to  arrest  the  creeping 
of  the  salt.     Inside  the  jar  is  placed  a  circular  porous  pot 
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containing  the  negative  element,  a  carbon  plate,  and  the 
depolarizer,  manganese  dioxide,  commonly  termed  pebble 
manganese.  The  manganese  should  be  free  from  dust,  as 
this  is  found  to  exercise  a  most  deleterious  effect  upon  the 
working  of  the  cell. 

The  top  of  the  carbon  plate  is  capped  with  a  heavy  lead 
lug  carrying  a  brass  terminal.  In  order  to  arrest  injurious 
affection  of  the  lead  lug  and  its  terminal,  the  lug  and  a 


Fio.  5. — Po»t  Office  form  of  LcclKnche  ceil,  with  the  bhallow  circular  zinc 
and  eartlenware  jar. 

small  part  of  the  upi>er  portion  of  the  plate  are  thickly  coated 
with  paint.  The  top  of  the  porous  pot  is  sealed  over  with 
the  carbon  plate  in  position,  two  small  vents  being  left  for 
the  escape  of  any  gases  generated. 

The  exciting  fluid  is  a  solution  of  salainmoniac  (am- 
monium chloride)  contained  in  the  outer  jar.  It  is 
essential  that  both  the  porous  pot  and  its  contents  shall 
be  wet,  in  order  to  permit  the  passage  of  the  current 
through  the  cell.     Therefore  a  certain  amount  of  water  or 
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a  weak  salammoniac  solution  is  added  to  the  porous  pot. 
The  latter  is  a  much  better  conductor  than  the  former. 

In  order  to  avoid  the  necessity  of  a  porous  pot,  the 
depolarizer  is  often  made  in  the  form  of  slabs,  carbon  and 
gum  lac  resin  being  added  for  the  purpose.  Such  a  cell, 
known  as  an  agglomerate  Leclanch(5,  is  shown  in  Fig.  4a. 
The  advantages  gained  are,  firstly,  a  notable  decrease  in 
the  internal  resistance  of  the  cell ;  secondly,  the  depolar- 
izing power  of  the  manganese  is  utilized  to  a  much  greater 
extent ;  and  thirdly,  that  the  cell  is  ready  for  use  immediately 
after  being  charged.  There  is,  however,  the  slight  dis- 
advantage that  a  small  decrease  in  the  E.M.F.  of  the  cell 


Fio.  6.— Shallow  circular  zinc 

occurs,  due  probably  to  the  use  of  a  different  form  of 
manganese. 

These  cells,  of  both  the  porous  pot  and  agglomerate 
pattern,  are  usually  made  in  three  sizes,  known  as  No.  1, 
No.  2,  and  No.  3  sizes.  The  sizes  employed  by  the 
Department  are  Nos.  1  and  3,  i.  e.  the  three-pint  and  one- 
pint  sizes  respectively.  In  the  case  of  the  latter,  terminals 
are  dispensed  with,  as  in  the  Daniell,  by  making  the 
connection  carbon  to  zinc  a  pennanent  one. 

A  large  circular  zinc  plate  surrounding  the  porous  pot 
was  formerly  employed  with  the  No.  1  size,  but  this  has 
now  given  place  to  tlie  shallow  circular  zinc  illustrated  in 
Fig.  G.  The  large  zinc  plate  was  found  to  be  very  waste- 
ful, as  the  current  is  not  equally  distributed  throughout  the 
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area  of  the  zinc,  the  result  being  that  it  is  worn  away 
very  unevenly.  A  hole  occurs  about  an  inch  and  a  half 
from  the  bottom,  and  also  at  the  top  of  the  liquid.  By 
experiment  it  was  found  that  the  zinc  could  be  reduced  to 
the  form  mentioned  without  any  undue  increase  in  the 
resistance  of  the  cell. 

Yet  another  form  of  cell   in  use  by  the  Department, 
cliiefly  for  telephone  working,  is  the  six-block  agglomerate 

form.     It  consists   of 
a    thick    carbon    rod 
grooved  to  receive  six 
cylindrical     agglome- 
rate    blocks.      These 
Ikkuks  are  placed  in  position, 
ji  cnarse  canvas  cloth  wrap- 
|M(I  round  the  combination, 
;nnl  the  whole  held  together 
I  fv  means  of  two  india-iTibber 
iMuds.     The  zinc  is  of  the 
shallow  circular  pattern,  and 
is  contained  in  an  earthen- 
wiue  jar.    The  complete  cell 
is  depicted  in  Fig.  7. 

1'he  cells  are  enclosed  in 
suitable  boxes  holding  a 
cinivenient  number  of  cells. 
Chemical  Action, — When 
flic  cell  is  thus  made  up 
t  beie  will  be  no  action  what- 
I  \er,  as  the  salammoniac 
will  not  attack  the  zinc,  in 
fact  will  not  have  the  slightest 
effect  on  it  when  the  circuit  is 
not  closed.  When  the  circuit 
is  closed,  the  chemical  compounds  are  entirely  altered  in  their 
distribution.  Salammoniac  is  a  compound  of  ammonium 
and  chlorine,  and  is  represented  by  NH4CI  (one  atom  each 
of  nitrogen  and  chlorine,  together  with  four  atoms  of 
hydrogen).  When  the  circuit  is  closed,  the  zinc  and  the 
ammonium  in  the  salammoniac  change  places,  and  thus 
part  of  the  zinc  wiU  be  consumed  to  form  zinc  chloride  (a 
substance  that  readily  dissolves  in  the  salammoniac  solu- 


Fio.  7.— 6-block  Leclanch^  Agglomerate 
cell. 
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tion),  ammonia  (which,  however,  immediately  combines 
with  water  to  form  ammonium  hydrate)  and  hydrogen  which 
is  set  free.  This  hydlrogen,  which  appears  at  the  carbon 
plate,  must  be  removed  in  order  that  it  may  not  give  rise  to 
the  troubles  described  in  the  case  of  the  Daniell  cell.  The 
depolarizer  used  in  the  Leclanche  cell  is,  as  previously 
stated,  the  manganese  dioxide  packed  round  the  carbon 
plate.  Immediately  the  hydrogen  is  liberated  it  combines 
with  the  oxygen  of  the  manganese  to  form  water.  The 
action  may  be  stated  thus  : — 


Outer  cell  : — 
Zn 

One  molecule 
or  zinc 


+ 

With 


2Nn4Cl 

two  molecules  of 
Halamnioniac 


and 


2R.0 

two  molecules 
of  water 


form 


Zn  CL 

one  molecule  of 
zinc  chloride 


+ 

t^  {:etlier 
with 


Inner  Cell  :- 


H, 


2NH,nO 

two  molecuh's  of 
animoniuiii 
hydrjite 


+ 

and 


H2 

two  atoms  of 
hydrogen. 


H.,0 


12         +         2MnOo       -        MnX)3       + 

Two  atoms  of    and    two  molecules  of    foiiu    one  molecule  of    and    or.e  molecule 
hydrogen  manganese  mnngnnesc  of  water, 

dioxide  stsquioxidc 

In  the  inner  cell  it  will  be  seen  that  the  two  molecules 
of  manganese  dioxide  taking  part  in  the  reaction  have 
between  them  given  up  one  atom  of  oxygon  to  the  hydrogen, 
thus  forming  water.  On  the  other  liand,  the  two  molecules 
of  manganese  dioxide  has  become  one  molecule  of  a  lower 
oxide,  namely,  Mn^Oo,  the  sesquioxide  of  manganese. 


Fuller's  Meucury  Bichromate. 

This  cell  (Fig.  8)  consists  of  an  outer  earthenware  jar 
containing  the  carbon  plate  and  the  porous  pot.  The  latter 
(contains  a  thick  zinc  rod  specially  amalgamated,  the  base 
of  which  is  flattened  to  form  a  sort  of  pedestal.  The  porous 
pot  is  filled  up  with  very  dilute  sulphuric  acid  and  the 
outer  jar  with  a  mixture  of  sulphuric  and  chromic  acids. 
Chromic  acid  is  somewhat  dear,  whereas  both  bichromate  of 
potash  and  sulphuric  aciil  are  cheap,  and  as  chromic  acid 
is  formed  when  these  two  substances  are  brought  together, 
it  is  cheaper  to  charge  the  cell  with  bichromate  of  potash 
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and  sulphuric  acid.     This,  however,  results  in  the  formation 
of  a  bye-product,  but  fortunately  a  harmless  one. 

Two  ounces  of  mercury  are  placed  in  each  porous  pot 
for  the  purpose  of  keeping  the  zinc  perpetually  amalgam- 
ated. This  device,  from  which  the  cell  derives  the  adjectival 
part  of  its  name,  is  remarkably  efficient  and  reduces  the 
amount  of  local  action  to  a  minimum. 


Fia.  8.  —Bichromate  cell. 

Chemical  Action. — The  action  of  the  dilute  sulphuric  acid 
on  the  zinc  results  in  the  formation  of  zinc  sulphate  which 
dissolves  in  the  solution,  and  the  liberation  of  hydrogen 
which  makes  its  appearance  at  the  carbon  plate  where  the 
chromic  and  sulphuric  acids  combine  with  it  to  form  water 
and  chromium  sulphate.  In  the  outer  jar  when  the  sulphuric 
acid  is  added  to  the  bicliromate  of  potash  the  following 
reaction  takes  place  :-- 
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KjCrjO;  +         HjO  +  H2SO4 

One  molecule  of  bichromate        and       one  molecule        aud       one  molecule  of 
of  potash  of  water  sulphuric  acid 

K2SO4  +        2H„Cr04 

form         one  molecule  of  putassiuui       and        two  moleculeH  uf 
Bulphate  chromic  acid. 

The  potassium  sulphate  is  a  harmless  bye-product  which 
dissolves  in  the  solution  and  gives  no  further  trouble,  tliere- 
fore  in  the  subsequent  expressions  it  will  be  ignored  : — 

Inner  cell : — 
3Zn         +        3II2SO4        =       3ZnS04       +        SHa 

molecules     and     thrre  moUcnIes     form    three  molecules     and    8*x  atoms  of 
of  zinc  of  sulphuric  ncid  of  zinc  sulphate  hycrogen. 

This  hydrogen  makes  its  appearance  in  the  outer 
compartment  where  it  meets  the  depolarizing  fluid. 

3H2         +        2H2Cr04         +  3H2SO4 

Six  atoms  of       and        two  molecules  of       and        three  molecuIeH  of 
hydrogen  chromic  acid  Bulphiiric  acid 

Cr/S04)8        +  8IL0 

form  one  molecule  of  and  eight  molecules 

chromium  sulphate  of  water. 

The  reactions  in  the  outer  jar,  which  are  somewhat  com- 
plicated, may  be  summarized  as  follows : — The  hydrogen 
upon  its  liberation  at  the  carbon  plate  meets  the  mixture  of 
chromic  and  sulphuric  acids.  It  combines  with  some  of 
the  oxygen  of  the  chromic  acid  so  forming  water.  The 
remainder  of  the  chromic  acid  combines  with  the  sulphuric 
acid  to  form  chromium  sulphate. 

Practical  Notes. — In  charging  the  cell  four  ounces  of 
bichromate  paste  are  placed  in  the  outer  jar,  and  to  this 
paste  is  added  dilute  sulphuric  acid  (one  part  acid  to  six 
parts  water). 

The  strength  of  the  acid  solution  in  the  porous  pot  is  one 
part  of  acid  to  forty  parts  of  water  by  measure.  The  levels 
of  the  inner  and  outer  solutions  should  be  the  same,  and 
the  latter  should  be  about  two  inches  below  the  top  of  the 

The  reactions  previously  described  are  only  true  in  the 
case  of  a  cell  maintained  in  efficient  condition.  If  neglected, 
or  too  heavily  worked  without  being  replenished,  a  totally 
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different  set  of  reactions  will  ensue,  resulting  in  the  form- 
ation of  crystals  of  chrome  alum  upon  the  carbon  plate. 
The  E.M.F.  and  internal  resistance  of  the  cell  are  both  most 
seriously  affected,  and  the  action  should  be  guarded  against. 
The  immediate  cause  of  the  secondary  reactions  is  that  the 
solution  has  become  super-saturated,  and  this  may  be  pre- 
vented by  the  occasional  withdrawal  of  some  of  the  solution 
and  its  replacement  by  dilute  sulphuric  acid.  Any  crystals 
of  chrome  alum  which  may  have  formed  should  be  removed 
when  attending  to  the  cell.  If  the  solution  loses  its  orange 
tint  and  turns  blue  this  is  an  indication  that  more  bichromate 
paste  is  required,  whilst  the  failure  of  tlie  cell  when  its 
solution  still  retains  its  normal  orange  hue  indicates  a 
deficiency  of  sulphuric  acid.  The  zinc  of  any  cell  in  proper 
condition  is  always  bright  and  clean.  The  blue-coloured 
solution,  taken  in  conjunction  with  a  zinc  covered  with  a 
dirty  deposit  indicates  that  the  cell  must  be  cleaned  out 
and  made  up  afresh.  An  insufficiency  of  mercury  causes 
defective  amalgamation,  and  consequently  the  zinc  is  not  as 
uniformly  consumed  as  it  should  be. 

Three-pint  Bichromate. 

For  special  purposes  {e.  g.  parts  of  multiplex  circuits)  a 
larger  form  of  bichromate  cell  is  required.  The  jar  is  of 
the  three-pijit  size,  and  contains  two  porous  pots,  each 
equipped  with  a  zinc,  and  two  carbons  are  placed  in  the 
outer  part.  The  two  zincs  and  the  two  carbons  are  re- 
spectively connected  together.  The  effect  of  the  arrange- 
ment is  to  considerably  reduce  the  internal  resistance,  and 
at  the  same  time  provide  a  largely-increased  current  capa- 
city. The  internal  resistance  is  reduced  because  the  volume 
of  Uquid  between  the  plates  has  been  increased,  whilst  the 
distance  from  each  positive  to  each  negative  is  practically 
unchanged.  The  current  capacity  is  increased  because  the 
quantity  of  chemicals,  and  hence  the  quantity  of  chemical 
energy,  has  been  augmented. 

Dry  Cells. 

The  whole  of  the  cells  belonging  to  this  class  are  modifi- 
cations of  the  Leclanch6,  and  have  precisely  the  same 
electro-chemical  reactions.     Their  generic  title  is  due  to 
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the  fact  that  the  interior  is  not  liquid  as  in  the  case  of  the 
ordinary  or  wet  cells  previously  described.  The  exciting 
and  depolarizing  materials  are  applied  in  the  form  of 
damp  pastes.  If  these  substances  were  actually  dry  the  cell 
would  not  be  capable  of  supplying  a  current  on  account 
of  the  enormous  internal  resistance,  which  might,  with 
propriety,  be  regarded  as  infinite. 

A  consideration  of  the  various  types  of  cell  subsequently 
described  will  show  that  various  substances  have  been 
combined  with  the  constituents  of  an  ordinary  Leclanche 
cell,  and  it  may  be  remarked  that  the  objects  wliich  they 
are  designed  to  fulfil  are  firstly  to  keep  the  interior  moist, 
and  secondly  to  prevent  the  generation  of  gases.  The 
similarity  of  the  E.M.F.  of  the  various  forms  of  dry  and 
Leclanche  agglomerate  cells  is  a  clear  indication  that  their 
main  chemical  actions  are  identical.  The  secondary  actions 
are  very  probably  complicated  due  to  the  presence  of  the 
various  substances  alluded  to. 

The  term  "  dry  cell  '*  is  sometimes  regarded  as  a  mis- 
nomer, because  the  cell  is  not  actually  dry,  but  in  com- 
parison with  a  cell  with  liquid  electrolyte  it  may  reasonably 
be  allowed  to  pass.  They  are  now  universally  known  as 
dry  cells,  and  may  be  defined  as  cells  in  which  the  exciting 
and  depolarizing  materials  are  held  in  a  damp  gelatinous 
condition. 

The  U(i»Hner  Dnj  Cell. — Tliis  cell,  which  made  its  appear- 
ance in  1888,  was  the  first  su(!cessfiil  dry  cell.  It  consists 
of  a  containing  vessel  of  zinc,  forming  the  positive  element 
of  the  cell,  and  holding  the  carbon  block.  The  space  between 
the  elements  is  filled  up  by  a  jelly  consisting  of  zinc  oxide, 
ammonium  chloride,  sulphate  of  lime,  chloride  of  zinc,  and 
water  and  manganese  dioxide. 

The  E.C.C.  Dry  Cell. — The  containing  vessel  is  of  zinc, 
and  serves  also  as  the  positive  element.  A  flat  carbon  plate 
is  placed  in  the  centre  of  the  vessel,  and  a  layer  of  insu- 
lating material  covei*s  the  whole  of  the  bottom  of  the  zinc 
vessel,  thus  preventing  dire(,'t  contact  between  the  elements. 
The  carbon  plate  is  surrounded  by  a  damp  black  paste 
nearly  CO  per  cent,  of  which  consists  of  manganese  dioxide 
and  carbon  dust.  Tlie  balance  (40  %)  is  chiefly  made  up 
of  the  oxides  of  silicon,  inm,  magnesium,  and  calcium, 
together   with  water.       The  white  or  exciting  paste  con- 
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sists  of  lime,  ammonia,  water,  and  salammoniac.  A  piece 
of  thick  paper  is  laid  on  the  top  of  the  paste,  and  this  is 
covered  with  cotton  wool,  above  which  the  cell  is  sealed 
with  bitumen,  two  small  vent-holes  being  left  for  the  escape 
of  any  gases  generated. 

The  zinc  vessel  is  contained  in  a 
cardboard  box.  The  general  appear- 
ance of  the  complete  cell  is  illustrated 
in  Fig.  9. 

Tlie  Ilellesen  Di^  Cell— This  cell 
consists  of  a  hollow  circular  carbon, 
the  interior  of  which  is  filled  with 
silicated  cotton,  and  surrounded  first 
with  a  black  paste,  then  with  a  white 
paste,  and  finally  a  square  zinc  con- 
taining vessel.  The  whole  cell  is 
then  packed  with  sawdust  into  a 
slightly  larger  carbon  box,  and  the 
top  is  run  in  with  pitch.  The  black 
paste  consists  chiefly  of  carbon  and 
manganese  dioxide,  with  the  salts  of 
silicon,  magnesium,  calcium,  and 
iron.  The  white  paste  consists  of 
water,  lime,  ammonia,  and  the  oxides 
of  zinc  and  magnesium. 

The  Ohach  Dry  Cell  (Figs.  10  and 
11)  consists  of  a  zinc  cylinder  of  a 
thickness  suitable  to  the  size  of  the 
cell,  with  a  connection  wire  attached  to  the  inside  of  the 
cylinder.  This  latter  contains  a  carbon  rod,  surrounded  by 
a  depolarizer,  composed  of  a  mixture  of  powdered  peroxide 
of  manganese  and  carbon  intimately  mixed  and  pressed 
into  close  contact  with  the  carbon  rod.  A  brass  terminal  is 
fixed  into  the  top  of  the  carbon  in  the  following  manner : — 
A  verticle  hole  is  provided  in  the  rod  into  which  the  pin 
of  the  terminal  is  inserted,  and  a  molten  alloy,  composed 
of  bismuth,  lead  and  tin,  is  poured  around  the  pin.  As 
this  alloy  expands  slightly  in  cooling,  it  establishes  a  per- 
fect contact  between  the  pin  and  the  carbon.  An  exciting 
paste  composed  of  plaster  of  Paris  and  flour  mixed  with  a 
solution  of  ammonium  chloride  surrounds  the  depolarizer. 
A  space  is  provided  in  the  upper  part  of  the  cell  to  receive 
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the  gases  and  water  which  are  formed  during  th^  working 
of  the  cell,  and  this  space  is  filled  with  sawdust  as  an 
absorbent  for  the  moisture.  The  cell  is  sealed  at  the  top 
with  a  layer  of  bitumen,  small  holes  being  provided  for  the 
escape  of  the  gases.  The  cell  is  contained  in  a  strong  card- 
board box  impregnated  with  paraffin  wax,  which  makes  it 
damp-proof,  and  thus  insulates  the  cell.  The  cells  are 
remarkable  for  their  large  output. 


VENT 


VENT 


BITUMEN 


PAPER 

QROUND  CORK 
-CAt4VAS 


WHITE  PASTE 
BLACK  PASTE 


Fin.  10.— Obach 
dry  cell. 


"MNSOLATION 
Fio.  11.— Section  of  an  Obacli  dry  cell. 


Standard  Cells. 

A  particular  combination  of  materials  in  a  cell  will 
always  produce  the  same  E.M.F.  provided  the  materials 
are  exactly  alike.  In  the  form  of  cell  invented  by  Latimer 
Clark  it  is  a  sine  qua,  non  that  all  the  materials  employed 
shall  be  chemically  pure.  Under  these  conditions  the 
E.M.F.  of  the  cell  is  1-434  volts  at  15^  C.  The  cell  is 
usually  very  small,  and  is  often  made  in  a  short  wide  test 
tube.  Into  the  bottom  of  the  test  tube  a  short  piece  of 
platinum  wire  is  fused.  The  outer  part  of  this  wire  forms 
the  positive  terminal  and  the  inner  serves  to  make  con- 
nection with  the  negative  element,  metallic  mercury,  which 
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covers  it.  Above  the  mercury  a  thick  paste  of  mercurous 
sulphate  is  spread,  and  above  this  is  a  paste  of  zinc  sul- 
phate into  which  the  zinc  rod  dips.  The  zinc  rod  passes 
through  the  cork  or  bung,  and  the  whole  arrangement  is 
sealed  up. 

The  chemical  action  of  the  cell  is  due  to  the  SO4  of  the 
exciting  fluid  (zinc  sulphate)  combining  with  the  positive 
element  to  form  zinc  sulphate  and  liberate  zinc  which  com- 
bines with  the  mercurous  sulphate  to  form  zinc  sulphate 
and  mercury.     The  mercury  so  formed  merely  adds  to  the 


FiQ.  12.— Clark  standard  cell  (full  size). 


Fio.  18.— Pair  of  Clark  cells 
and  thermometer. 


quantity  already  present.  There  is  a  very  large  number 
of  modifications  of  the  Clark  cell  in  existence,  but  in 
principle  they  do  not  vary  at  all.  The  final  form  given  to 
such  a  cell  is  illustrated  in  Fig.  13,  and  it  will  be  noticed 
that  a  thermometer  has  been  added  for  ascertaining  the 
temperature  of  the  cells,  since  this  has  an  important 
influence  upon  the  value  of  the  E.M.F. 

A  full  size  section  of  the  Board  of  Trade  form  of  cell  is 
shown  in  Fig.  12,  whilst  the  subsequent  ^figure  shows  the 
general  appearance  of  a  pair  of  cells  mounted  in  the  usual 
way  with  a  thermometer.  The  official  directions  for  the 
construction  of  the  cell  are  given  upon  the  subsequent 
page:— 
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SPECIFICATION  B. 
On  the  Pkeparation  of  the  Clark  Cell. 

Definition  of  the  Cell. 

The  cell  consists  of  zinc  or  an  amalgam  of  zinc  with  mercuiy  and  of 
mercuiy  in  a  neutral  saturated  solution  of  zinc  sulphate  and  mercurous 
sulphate  in  water,  prepared  with  mercurous  sulphate  in  excess. 

Preparation  of  the  Materials, 

1.  The  Mercury. — To  secure  purity  it  should  be  first  treated  with  acid 
in  the  usual  manner,  and  subsequently  distilled  in  vacuo. 

2.  The  Zinc. — Take  a  portion  of  a  rod  of  pure  redistilled  zinc,  solder  to 
one  end  a  piece  of  copper  wire,  clean  the  whole  with  glass  paper  or  a  steel 
burnisher,  carefully  removing  any  loose  pieces  of  the  zinc.  Just  before 
making  up  the  cell  dip  the  zinc  into  dilute  sulphuric  acid,  wash  with 
distilled  water,  and  dry  with  a  clean  cloth  or  filter  paper. 

3.  The  Mercurous  SulphaXe. — Take  mercurous  sulphate,  purchased  as 
pure,  mix  with  it  a  small  Quantity  of  pure  mercury,  and  wash  the  whole 
thoroughly  with  cold  distilled  water  by  agitation  in  a  bottle ;  drain  off 
the  water,  and  repeat  the  process  at  least  twice.  After  the  last  washing, 
drain  off  as  much  of  the  water  as  possible. 

4.  Tlie  Zinc  Sulphate  Solution. — Prepare  a  veuiral  saturated  solution 
of  pure  (**pure  rccrystallized ")  zinc  sulphate  by  mixing  in  a  flask  distilled 
water  with  nearly  twice  its  weight  of  crystals  of  pure  zinc  sulphate,  and 
adding  zinc  oxide  in  the  proportion  of  about  2  per  cent,  by  weight  of  the 
zinc  sulphate  ciystals  to  neutralize  any  free  acid.  The  crystals  should  be 
dissolved  with  the  aid  of  gentle  heat,  but  the  temperature  to  which  the 
solution  is  raised  should  not  exceed  30^  C.  Mercurous  sulphate  treated  as 
described  in  3  should  be  added  in  the  proportion  of  about  12  per  cent,  by 
weight  of  the  zinc  sulphate  crystals  to  neutralize  any  free  zinc  oxide  re- 
maining, and  the  solution  filtered,  while  still  warm,  into  a  stock  bottle. 
Cr}'stals  should  form  as  it  cools. 

5.  The  Mercurous  Sulphate  and  Zinc  Siilphate  Paste. — Mix  the  washed 
mercurous  sulphate  with  the  zinc  sulphate  solution,  adding  sufficient 
crystals  of  zinc  sulphate  from  the  stock  bottle  to  ensure  satunition,  and  a 
small  quantity  of  pure  mercury.  Shake  these  up  well  together  to  form  a 
pa&te  of  the  consistence  of  cream.  Heat  the  paste,  but  not  above  a  tem- 
perature of  30°  C.  Keep  the  paste  for  an  hour  at  this  temperature,  agitat- 
ing it  from  time  to  time,  then  allow  it  to  cool ;  continue  to  shake  it 
occasionally  while  it  is  cooling.  Crystals  of  zinc  sulphate  should  then  be 
distinctly  visible,  and  should  be  distributed  throughout  the  mass  ;  if  this 
is  not  the  case  add  more  crystals  from  the  stock  bottle,  and  repeat  the 
whole  process. 

This  method  insures  the  formation  of  a  saturated  solution  of  zinc  and 
merourous  sulphates  in  water. 
• 

To  set  up  the  Cell, 

The  cell  may  conveniently  be  set  up  in  a  small  test  tube  of  about 
2  cm.  diameter  and  4  cm.  or  5  cm.  deep.  Place  the  mercury  in  the  bottom 
of  this  tube,  filling  it  to  a  depth  of  say  0'6  cm.     Cut  a  cork  about  0'5  cm. 
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thick  to  fit  the  tube  ;  at  one  side  of  the  cork  bore  a  hole  through  which 
the  zinc  rod  can  pass  tightly ;  at  the  other  side  bore  another  hole  for  the 
gUss  tube  which  covers  tho  platinum  wire ;  at  the  ed^e  of  the  cork  cut 
a  nick  through  which  the  air  ran  X)a88  when  the  cork  is  pushed  into  the 
tube.  Wash  the  cork  thoroughly  with  warm  water,  and  leave  it  to  soak 
in  water  for  some  hours  before  use.  Pass  the  zinc  rod  about  1  cm.  through 
the  cork. 

Contact  is  made  with  the  mercury  by  means  of  a  platinum  wire  about 
No.  22  gauge.  This  is  protected  from  contact  with  the  other  materials 
of  the  ceil  by  being  sealed  into  a  glass  tube.  The  ends  of  the  wire  project 
from  the  ends  of  the  tube  ;  one  end  forms  tho  termiual,  the  other  end  and 
a  portion  of  the  glass  tube  dip  into  the  mercury. 

Clean  the  glass  tube  and  platinum  wire  carefully,  then  heat  the  exposed 
end  of  the  platinum  red  hot,  and  insert  it  in  the  mercury  in  the  test  tube, 
taking  cai-e  that  the  whole  of  the  exposed  platinum  is  covered. 

Shake  up  the  paste  and  introduce  it  without  contact  with  the  upper 
part  of  the  walls  of  the  teat  tube,  filling  the  tube  above  the  mercury  to  a 
depth  of  rather  moie  than  1  cm. 

Then  insert  the  cork  and  zinc  rod,  passing  tho  glass  tube  through  the 
hole  prepared  for  it.  Push  the  cork  gently  down  until  its  lower  surface 
is  nearly  in  contact  with  the  liquid.  The  air  will  tliu^  be  nearly  all 
expelled,  and  the  cell  should  be  left  in  this  condition  for  at  least  24  hours 
before  sealing,  which  should  be  done  as  follows : — 

Melt  some  marine  glue  until  it  is  fluid  enough  to  pour  by  its  own 
weight,  and  pour  it  into  the  test  tube  above  tlio  cork,  using  sufficient  to 
cover  completely  the  zinc  and  soldering.  The  glass  tube  containing  the 
Xdatiuum  wire  should  project  some  way  above  the  top  of  the  marine  glue. 

The  cell  may  be  sealed  in  a  more  permanent  manner  by  coating  the 
marine  glue,  when  it  is  set,  with  a  solution  of  sodium  silicate,  and  leaving 
it  to  haiden. 

The  cell  thus  set  up  may  be  mounted  in  any  desirable  manner.  It  is 
convenient  to  arrange  the  mounting  so  that  the  cell  may  be  immersed  in 
a  water-bath  up  to  the  level  of,  sav,  the  upper  surface  of  the  cork.  Its 
tem^rature  can  then  be  determined  more  accurately  than  is  possible  when 
the  eoll  is  in  air. 

In  using  the  cell  sudden  variations  of  temperature  should  as  far  as 
possible  be  avoided. 

Tho  form  of  the  vessel  containing  the  cell  may  be  varied.  In  tho  H 
form,  the  zinc  is  replaced  by  an  amalgam  of  10  parts  by  weight  of  zinc  to 
90  of  mercury.  The  other  materials  should  be  prepared  as  already 
described.  Contact  is  made  with  the  amalgam  in  one  leg  of  the  cell,  and 
with  the  mercury  in  the  other,  by  means  of  platinum  wires  sealed  through 
the  glass. 


Daniell  Standard  Cklijs. 

Modifications  of  the  Daniell  cell  have  been  used  by  some 
physicists  with  excellent  results,  but  its  use  has  not  been 
very  extensive. 

A  standard  cell  which  is  required  for  accurate  work 
ahocdd  only  be  used  to  produce  a  current  tlirough  very 
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high  resistances,  i.  e,  resistances  of  the  order  of  100,000**. 
Even  then  the  current  should  only  be  maintained  for  the 
shortest  possible  time.  Neglect  of  these  precautions  entails 
inaccuracy  in  the  value  of  the  assumed  E.M.F. 

Where  the  highest  accuracy  is  not  essential  less  delicate 
apparatus  may  be  employed.  For  example,  the  P.O.  tangent 
galvanometer  requires  far  too  large  a  current  to  produce 
a  satisfactory  deflection  with  such  a  cell  as  Clark's.  To 
provide  a  standard  E.M.F.  and  one  capable  of  supplying 
a  current  of  a  milli-ampere  the  P.O.  standard  Daniell  was 
designed  and  for  many  years  was  extensively  employed  by 

the  Department.  This 
cell,  though  far  less 
accurate  than  a  Clark 
cell  used  under  the  best 
conditions,  was  suffi- 
ciently so  for  its  pur- 
pose. The  zinc  and  its 
porous  pot  (Fig.  14) 
were  kept  in  one  com- 
partment and  the  copper 
in  another,  and  the  parts 
of  the  cell  were  only 
assembled  when  the  cell 
was  actually  in  use. 
The  lid  carried  a  pro- 
jection which  made  it 
impossible  to  close  the 
cell  until  the  porous  pot 
containing  the  zinc  and  the  copper  plate  had  been  replaced 
in  their  receptacles. 

Special  care  was  taken  that  the  constituent  parts  of  the 
cell  and  the  chemicals  employed  were  as  pure  as  pos- 
sible. The  exciting  fluid  was  a  saturated  solution  of  zinc 
sulphate.  This  cell  has  been  replaced  by  a  dry  cell  whose 
E.M.F.  is  periodically  measured  by  accurate  apparatus. 
(See  Chapter  III.) 


Fig.  14.— P.O.  form  of  standard  Daniell  cell. 


Characteristics  of  Cells  used  by  the  Post  Office. 

The  E.M.F.  of  a  cell  decreases  and  the  internal  resistance 
rises  as  the  cell  becomes  exhausted,  and   it  is  therefore 
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necessary  to  define  the  point  at  wliicli  the  cell  should  be 
considered  faulty.  Again,  bad  materials  or  defective  porous 
pots  adversely  affect  the  E.M.F.  and  internal  resistance. 
A  pot  which  is  of  a  too  porous  character  permits  the 
excitant  and  depolarizer  to  rapidly  commingle.  A  very 
hard  one,  on  the  other  hand,  unduly  increases  the  internal 
resistance  of  the  cell.  Cells  are  considered  faulty  if  their 
E.M.F.s  fall  below  the  minimum  value  given  in  the  table 
upon  page  40.  They  are  also  considered  faulty  if  their 
internal  resistances  rise  above  the  maximum  or  fall  below 
the  minimum  value  ;  the  latter  is  usually  due  to  the  porous 
pots  being  too  soft. 

The  particulars,  characteristics  and  purposes  for  which 
the  various  classes  of  cells  are  employed  is  set  forth  in 
tabular  form  upon  page  40. 

Leclanche  cells  polarize  if  heavily  worked,  since  the 
hydrogen  appears  at  the  carbon  plate  more  rapidly  than 
the  manganese  can  dispose  of  it.  With  intervals  of  rest 
or  for  small  currents  the  cell  possesses  many  advantages, 
notably  the  entire  absence  of  local  action  when  not  in  use 
and  the  very  small  amount  of  attention  necessary.  For 
use  upon  single  needle  and  double  plate  sounder  circuits, 
where  the  work  is  usually  of  an  intermittent  character,  the 
cell  is  without  a  rival. 

The  Daniell  cell  is  remarkable  for  the  very  small  amount 
of  polarization  which  occurs  even  when  heavily  worked. 
It  is  also  notorious  for  the  very  considerable  amount  of 
local  action  which  always  occurs.  Its  comparatively  low 
E.M.F.  and  high  internal  resistance  render  it  unfitted  for 
purposes  where  heavy  currents  are  necessary.  The  small 
size  was  formerly  employed  for  simplex  sounder  circuits, 
whilst  the  large  size  was  used  for  ordinary  duplex  circuits 
and  for  local  batteries  generally.  Owing  to  its  local  action 
and  the  more  frequent  attention  required  it  would  not  be 
as  satisfactory  as  the  Leclanche  cell  for  single  needle  and 
double  plate  sounder  stations. 

The  Bichromate  cell  is  used  wherever  large  currents, 
sustained  for  considerable  periods,  are  required.  It  is 
most  eflScient  when  it  is  heavily  worked,  but  owing  to 
the  frequent  and  skilled  attention  required  it  is  unsuit- 
able for  general  use.  It  also  suffers  from  local  action, 
but  scarcely  to  the  same  extent  as  the  Daniell. 
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It  may  be  remarked  that  the  internal  resistance  of  a 
battery  affects  the  speed  of  working  of  a  circuit  {vide 
Chapter  XVII. ).  If  too  low  the  transmitter  sparks,  whilst 
too  high  a  value  reduces  the  working  speed.  To  obtain  an 
E.M.F.  of  IW,  105  Daniell  cells  would  be  required  as 
against  55  Bichromate  cells.  The  internal  resistances  in 
the  two  cases  would  be  from  110**  to  220"  with  Bichromates, 
and  from  210-  to  420«  with  Daniells. 

Dry  cells  possess  the  advantage  of  portability  and  are 
eminently  suitable  for  special  arrangements.  Indeed  they 
may  be  employed  for  almost  any  purpose.  Since  the  internal 
resistance  is  very  low  a  10"  resistance  coil  is  placed  in 
every  10-cell  box,  so  that  excessive  currents  may  not  be 
produced.  If  the  l(r  coils  were  omitted  when  the  cells 
were  used  in  conjunction  with  a  Wheatstone  transmitter, 
the  excessive  sparking  would  at  once  put  the  transmitter 
out  of  action. 

Ideal  Cell. 

There  is  no  form  of  primary  battery  which  fulfils  all  the 
conditions  one  would  desire  from  an  ideal  point  of  view, 
and  therefore  it  happens  that  the  choice  of  a  battery  largely 
depends  upon  the  uses  to  which  it  is  to  be  put.  An  ideal 
cell  should  jDossess  the  following  characteristics  : — 

1.  High  E.M.F. 

2.  Low  internal  resistance. 

3.  Absence  of  polarization. 

4.  Absence  of  local  action. 

5.  Cost  of  the  cell  small. 

6.  Cost  of  charging  small. 

7.  Amount  of  energy  obtained  per  charge  should  be 
large.  • 

8.  Attention  required  should  be  little. 

9.  No  injurious  fumes  should  be  given  off. 

10.  The  materials  should  be  easily  and  safely  handled. 

11.  Dimensions  as  small  as  possible. 

Conditions  6  and  7  mean  that  the  cost  of  a  given  quantity 
of  electrical  energy  should  be  as  low  as  possible,  and  con- 
ditions 7  and  8  specify  that  the  labour  cost  of  maintenance 
shall  be  small.    For  telegraph  purposes  the  prime  cost,  and 
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the  cost  of  maintenance  are  very  important  matters,  since 
the  number  of  cells  in  use  is  so  enormous.  The  annual 
cost  of  maintenance  (chemicals  and  labour)  for  the  three 
types  of  cell  employed  by  the  Department  may  be  said  to 
lie  within  the  limits  stated  below  : — 

Leclanche,    6d.  per  cell  per  annum. 

Daniell,         1«.  to  Is.  6d.  „  „ 

Bichromate,  2s.  3d.  to  2s.  6d.       „  „ 

These  figures  all  refer  to  the  cost  of  maintaining  cells 
in  a  large  office.  Where  they  are  scattered  over  a  wide 
area  the  cost  is  far  more,  since  the  time  occupied  in 
travelling  is  considerable.  Roughly  speaking,  one  Bichro- 
mate cell  will,  on  account  of  its  high  E.M.F.,  do  the  work 
of  two  Daniell  cells,  but  the  frequent  skilled  attention  re- 
quired and  the  powerful  acids  used  render  it  utterly  unfit 
fi)r  use  in  any  local  office. 

Taking  into  account  the  cost  of  the  boxes  used  with 
Leclanche  and  Bichromate  batteries,  the  average  cost  per 
cell  of  a  Daniell  only  exceeds  that  of  a  Bichromate  battery 
by  10%,  whilst  Leclanche  No.  1  cells  occupy  an  inter- 
mediate position  between  the  two. 


CHAPTER  II 

CALCULATIONS   IN    CONNECTION    WITH    CIRCUITS 
AND  CONDUCTORS. 

PART  I.-ARRANGEMENT  OF  CELLS. 

Size  of  Cell. 

THE  E.M.F.  of  a  cell  is  entirely  independent  of  its  dimen- 
sions, so  that  a  cell  consisting  of  a  grain  of  zinc  and 
a  percussion  cap  would  have  just  the  same  E.M.F.  as  a  cell 
composed  of  the  same  materials,  but  as  large  as  a  Lancashire 
boiler.  The  internal  resistances  in  tliese  two  cases  would 
differ  very  widely,  as  also  would  the  amount  of  electrical 
energy  obtainable  from  each.  The  quantity  of  energy  ob- 
tainable from  any  cell  is  the  product  of  its  average  E.M.F.,  its 
average  current,  and  the  time  that  it  supplies  that  current. 
The  actual  value  obtained  will  differ  considerably  according 
to  the  conditions  chosen. 

The  method  adopted  by  the  Post  Office  takes  account  of 
the  differences  in  the  dimensions  of  the  various  cells  tested. 
It  will  be  obvious  that,  given  two  cells  of  similar  type  but 
of  different  size,  the  larger  cell  will  furnish  a  given  current 
for  a  longer  period  than  the  smaller  one.  Not  only  so,. 
but,  at  any  period  during  the  discharge,  the  larger  cell  is 
subjected  to  a  less  severe  test,  since  its  resources,  i.  e,  the 
quantities  of  active  material,  are  much  greater. 

The  Post  Office  test  consists  in  adjusting  the  external 
resistance  so  that  the  current  is  equal  to  1  m.a.  per  cubic 
inch  of  the  volume  of  the  celL  The  resistance  is  frequently 
adjusted  so  as  to  maintain  the  current  at  this  constant  value, 
and  the  test  ceases  immediately  the  E.M.F.  falls  below  the 
minimum  value  for  that  type  of  cell  (see  p.  40).  The 
current  is  then  multiplied  by  the  duration  of  the  discharge, 
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and  the  value  so  obtained  represents  the  capacity  of  the 
cell  in  ampere-hours.  The  capacity  of  a  No.  1  Leclanche 
cell  is  48*96  ampere-hours,  whilst  that  of  a  Bichromate  is 
19*9,  and  that  of  an  Obach  B  dry  cell  40. 

The  cost  of  the  energy  per  unit  is  readily  obtained  from 
the  results  of  these  tests  taken  in  conjunction  with  the 
initial  cost  of  the  cell  and  its  value  when  exhausted.  With 
wet  cells  the  cost  per  charge  and  that  of  renewals  and 
maintenance  somewhat  complicates  the  problem,  but  the 
general  principle  is  sufficiently  apparent. 

In  any  particular  type  of  cell  the  internal  resistance  will 
be  small  with  a  large-sized  cell  and  large  with  a  small- 
sized  cell.  The  reason  of  this  will  be  quite  obvious  after 
a  consideration  of  the  principles  enunciated  upon  page  64. 
The  larger  the  plates  are  made  the  wider  or  broader  is  the 
intervening  liquid  as  compared  with  the  distance  between 
the  plates,  the  former  corresponding  to  sectional  area  in  the 
case  of  a  wire. 

Three  Methods  of  Joining-up  Cells. 

There  are  three  ways  in  which  cells  may  be  arranged, 
firstly  in  series,  secondly  in  parallel,  and  thirdly  in  parallel- 
series  or  multiple  arc,  this  method  being  a  combination  of 
the  first  and  second  methods. 

Cells  in  Series. 

The  series  method  consists  in  connecting  the  copper  of 
the  first  cell  to  the  zinc  of  the  second  cell,  and  connecting 
the  copper  of  the  second  to  the  zinc  of  the  third,  leaving 
the  latter*s  copper  pole  free.  The  zinc  of  the  first  cell  and 
the  copper  of  the  last  cell  form  the  poles  of  the  battery. 
The  conventional  symbol  universally  employed  to  denote  a 
battery  consists  of  a  long  thin  stroke  to  represent  the 
positive  plate  of  a  cell  and  a  short  thick  line  or  an  out- 
lined oblong  of  the  same  size  to  represent  the  negative 
plate.  Three  cells,  illustrated  in  Fig.  15,  are  joined  up  in 
series,  and  it  will  be  observed  tiiat  in  this  case  the  cells 
all  tend^  to  send  their  current  in  the  same  direction.  Each 
cell  therefore  adds  its  pressure  to  that  of  the  others,  but, 
in  so  doing,  also  adds  its  own  internal  resistance.  The 
total  E.M.F.  produced  by  a  battery,  consisting  of  a  number 
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of  cells  joined  in  series,  is  equal  to  the  E.M.F.  of  one  cell 
multiplied  by  the  number  of  cells  in  series,  whilst  the  total 
internal  resistance  is  equal  to  the  internal  resistance  of  one 
cell  multiplied  by  the  number  in  series. 


HH 

Fio.  15.— Cells  in  series. 


If  the  E.M.F.  and  internal  resistance  of  each  of  the  three 
cells  shown  in  Fig.  15  is  respectively  1  volt  and  6  ohms 
the  total  E.M.F;  of  the  battery  will  be  1  x  3  =  3  volts,  and  its 
internal  resistance  will  be  6  x  3  ==  18^. 

I — mmm/mmmm-n 


Fio.  10.— Cells  in  parallel 

Cells  in  Parallel. 

The  parallel  method  consists  in  joining  all  the  positive 
poles  together  and  similarly  connecting  all  the  negative 
poles.  The  circuit  to  be  energized  is  then  joined  between 
the  grouped  positive  and  negative  poles  of  the  cells.  In 
this  case  the  pressures  are  not  cumulative  as  in  the  series 
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method.  The  total  E.M.F.  of  the  arrangement  is  the  E.M.F. 
of  one  cell,  but  the  total  internal  resistance  is  the  internal 
resistance  of  one  cell  -divided  by  the  number  in  parallel. 
For  instance,  if  the  three  cells  shown  in  Fig.  16  each  have 
an  E.M.F.  of  one  volt  and  an  internal  resistance  of  six  ohms, 
the  total  E.M.F.  and  internal  resistance  of  the  arrangement 
will  be  respectively  1  volt  and  f  *",  t.  e,  2  ohms. 

Cells  in  Multiple  Arc. 
The  parallel-series  or  multiple-arc  method  of  joining  up 
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Fio.  17.— Cells  in  multiple  arc. 

cells  consists  in  putting  in  parallel  two  or  more  batteries, 
each  consisting  of  an  equal  number  of  cells  joined  in  series. 
In  Fig.  17  six  cells  have  been  connected  up  in  multiple 
arc.  The  arrangement  obviously  consists  of  two  batteries, 
of  three  cells  in  series  each,  connected  in  parallel.  Using 
the  same  values  as  before  for  the  E.M.F.  and  internal  resist- 
ance per  cell  it  w^ill  be  seen  that  the  total  E.M.F.  and  total 
internal  resistance  of  either  of  the  three-cell  batteries 
separately  considered  will  be  as  before  (Fig.  15),  3  volts 
and  18"  respectively.  The  question  now  becomes — ^what 
will  be  the  effect  of  putting  two  such  batteries  in  parallel  ? 
The  rule  given  for  cells  in  parallel  may  be  applied  to 
batteries  in  parallel,  and  the  answer  is  therefore  : — 

Total  E.M.F.  =  that  of  one  battery,  viz.  3  volts. 

Total  Internal  resistance  =  that  of  one  battery  divided 
by  the  number  of  similar  batteries  in  parallel,  i.  e, 

-         9. 
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In  all  examples  of  the  parallel-series  type  the  total  E.M.F. 
is  equal  to  the  E.M.F.  per  cell  multiplied  by  the  number  in 
series,  and  the  total  internal  resistance  is  equal  to  the 
internal  resistance  per  cell  multiplied  by  the  number  of 
cells  in  series  and  divided  by  the  number  of  similar  sets  or 
rows  in  parallel.  Had  there  been  six  rows  in  the  above 
example  then  the  E.M.F.  would  have  been  3  volts  as  before, 
but  the  internal  resistance  would  have  been  reduced  to  3**. 

In  practical  telegraphy  there  are  but  few  cases  where  it 
is  necessary  to  join  batteries  in  parallel,  and  the  term 
battery  is  usually  employed  to  denote  cells  in  series.  For 
instance  a  **5-cell  Daniell"  means  five  cells  joined  up  in 
series,  and  "  two  5-cell  Daniells  in  parallel "  would  there- 
fore mean  two  batteries,  consisting  of  five  cells  in  series 
each,  connected  in  parallel,  i.e.  2  rows  in  parallel  each 
row  consisting  of  five  cells  in  series. 

Method  in  which  to  join  up  Celi^  under  different 
oircdmstances. 

The  three  methods  of  joining  up  cells  each  have  their 
particular  utility,  and  although  the  parallel  method  is 
never,  and  the  parallel  series  method  but  seldom,  used  in 
practical  telegraphy,  it  is  still  desirable  to  briefly  state 
the  conditions  under  which  each  arrangement  should  be 
employed. 

The  maximum  current  which  can  be  obtained  from  any 
particular  cell  is  reached  when  the  cell  is  short  circuited 
and  is  equal  to  its  E.M.F.  divided  by  its  internal  resistance. 
Similarly  if  a  million  cells  be  placed  in  series  and  short 
circuited  the  maximum  current  will  be  the  same,  for  whilst 
the  E.M.F.  has  been  increased  a  million-fold  the  internal 
resistance  has  been  similarly  increased. 

If  it  is  required  to  obtain  a  larger  current  from  the 
cells  they  must  be  placed  in  parallel.  Every  cell  which 
is  added  increases  the  current,  for  although  the  E.M.F. 
remains  the  same,  the  internal  resistance  is  reduced  by 
every  fresh  cell.  If,  now,  the  current  produced  by  a  number 
of  cells  joined  up  in  series  and  flowing  through  a  circuit 
of  enormously  high  resistance  is  considered  it  will  at  once 
be  seen  that  the  internal  resistance  of  the  cells  is  insig- 
nificant in  comparison  with  the  enormous  external  resistance 


48  TELEGRAPHY 

postulated.  Each  cell  added  in  series  will  therefore  in- 
crease the  current  flowing  in  the  circuit.  Upon  the  other 
hand,  the  only  effect  of  joining  cells  in  parallel  is  to  reduce 
the  total  internal  resistance,  and  this  is  of  no  consequence 
in  comparison  with  the  external  resistance.  The  E.M.F. 
remains  the  same,  and  consequently  the  addition  of  cells 
in  parallel  means  no  practical  increase  in  the  current 
available. 

It  will  now  be  clear  that,  for  resistances  large  in  com- 
parison with  that  of  the  cell,  the  cells  should  be  joined  in 
series,  whilst  for  a  low  resistance  the  cells  should  be  joined 
in  parallel,  i.  e.  in  order  to  obtain  the  maximum  current 
from  the  minimum  number  of  cells. 

Between  the  extremes  already  discussed  come  the  cases 
where  parallel  series  arrangements  are  necessary.  The 
rule,  which  may  be  deduced  from  Ohm's  law,  relating  to  this 
case  is  that  the  arrangement  of  cells  which  gives  an 
internal  resistance  most  nearly  approximating  to  the  ex- 
ternal resistance  will  furnish  the  maximum  current.  To 
give  a  numerical  example  : — Suppose  that  it  is  desired  to 
know  how  best  to  join  up  forty  cells,  each  having  an  E.M.F. 
of  2  volts  and  an  internal  resistance  of  12 '5**  to  a  circuit 
having  a  resistance  of  20". 

The  forty  cells  may  be  joined  up  in  the  following  ways  : — 
(a)  all  in  parallel,  (b)  all  in  series,  (e)  two  rows  in  parallel 
each  of  20  in  series,  (d)  four  rows  in  parallel  each  of  10 
in  series,  {e)  five  rows  in  parallel  each  of  8  in  series, 
(/)  eight  rows  in  parallel  each  of  5  in  series. 

With  the  arrangement  (c)  the  internal  resistance  of  the 
battery  is  the  same  as  the  external  resistance,  viz.  20**,  and 
this  gives  the  maximum  current,  viz.  400  m.a.  The 
currents  for  each  of  the  arrangements  are  (a)  98*5  m.a., 
{{))  153-8  m.a.,  (c)  275-8,  (d) 3902,  {e)  400 m.a.,  (/)  359*6  m.a. 

From  that  which  has  been  said  it  follows  that  the 
maximum  amount  of  power  obtainable  from  any  battery  is 
greatest  when  the  external  resistance  is  equal  to  the  internal 
resistance.  When  this  is  the  case  the  efficiency  is  50  %, 
because  there  is  as  much  energy  lost  in  overcoming  the 
internal  resistance  of  the  battery  as  is  available  in  the 
external  circuit. 

With  a  given  number  of  cells  the  maximum  current  is 
obtained  through  a  given  external  resistance  when  the 
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number  of  cells  in  series  {n)  is  equal  to  the  square  root  of 
the  total  number  of  cells  {N)  multiplied  by  the  external 
resistance  (B)  divided  by  the  internal  resistance  per  cell  (r). 


N  X  R 


n  =  \/_ 

r 

The  result  obtained  in  the  previous  example  may  be  found 
by  application  of  this  formula  thus  : — 


i/: 


40  X  20  . 

—  f^^r^-^  =  V      G-l     =  8  in  series. 


The  number  of  rows  is  obtained  by  dividing  the  total 
number  of  cells  by  the  number  per  row,  i.  e.  by  the  number 
in  series. 

When  a  fractional  answer  is  obtained  the  nearest  whole 
number  which  will  give  a  whole  number  when  divided 
into  the  total  number  of  cells  must  be  chosen. 

Example. — How  should  sixty  cells,  having  an  E.M.F.  of 
1'5  volts  and  an  internal  resistance  of  2**  per  cell,  be  arranged 
80  as  to  provide  the  maximum  possible  current  through  an 
external  resistance  of  '55**  ? 


\/'- 


GO  X  -55 


x/     16-5  =  4-06. 


The  whole  number  which  will  divide  into  60  and  give  a 
whole  number  as  quotient  are  1,  2,  3,  4,  5,  6,  10, 12, 15,  20, 
and  60.  4*06  is  nearer  to  4  than  to  any  other  of  these 
numbers  and  the  best  arrangement  is  therefore  fifteen  rows 
each  of  four  cells  in  series. 

Cells  wrongly  joined  up  and  special  abbangements. 

In  each  of  the  foregoing  cases  the  cells  have  been  correctly 
joined  up.  It  will  now  be  well  to  consider  one  or  two 
simple  cases  of  wrong  connection.  If,  in  joining  a  number 
of  cells  in  series,  some  of  the  cells  are  reversed,  the  total 
E.M.F.  will  be  reduced  whilst  the  total  internal  resistance 
will  be  unaffected.  The  E.M.F.  will  be  equal  to  the  E.M.F. 
of  the  larger  number  acting  in  one  direction,  less  the  E.M.F. 
of  the  smaller  number  acting  in  the  opposite  direction. 
Where  the  numbers  are  equal  the  E.M.F.s  will  balance  and 
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no  current  will  result,  that  is,  of  course,  supposing  that  the 
E.M.F.s  per  cell  are  equal. 

Example. — Ten  cells  joined  in  series,  E.M.F.  1  volt  and 
internal  resistance  5"  per  cell,  are  connected  to  a  resistance 
of  50".  What  current  will  be  produced  if  two  of  the  cells 
are  reversed  ? 

E.M.F.  of  larger  number  of  cells       =       8^ 
„      of  lesser         „  „         =       2"" 

Total  E.M.F.  of  combination  =       G'^ 

Current  =   =77— r  vr.  ^  *0G  ampere. 
50  +  50 

In  certain  cases  a  combination  of  parallel  and  series 
methods  of  joining  up  might  be  adopted,  as,  for  instance, 
where  a  number  of  small  cells  are  used  in  conjunction 
with  a  number  of  cells  of  larger  size. 

Example, — What  will  be  the  total  E.M.F.  and  internal 
resistance  produced  by  joining  two  5-cell  Large  Daniells 
in  series  with  two  10-cell  Small  Daniell  batteries  placed 
in  parallel?  E.M.F.  1  volt  per  cell.  Internal  resistance 
Large  5"   Small  10*  per  cell. 

Total  E.M.F.  of  two  10-cell  Small  Daniells  in  parallel  =  10^ 
„       „      of  two   5-cell  Large  Daniells  in  series    =  10^ 
Total  E.M.F.  of  above  in  series  =  20^ 
Internal  resistance  of  Large  Daniells  =  5*  x  10  =  50" 

Small  DanieUs  =  ^^"  ^  ^^  =  50- 

Total  internal  resistance  of  above  in  series  =  100". 

In  other  words  this  combination  is  equivalent  to  four  5-cell 
Large  Daniell  batteries  joined  in  series. 

In  the  above  case  the  batteries  placed  in  parallel  had  the 
same  E.M.F.  Where  this  is  not  the  case,  the  battery  of 
higher  E.M.F.  drives  a  current  tlirough  the  battery  of  lower 
E.M.F.  Such  an  arrangement  is  most  inefficient  and  is  never 
intentionally  used  in  practice,  although  it  occasionally 
occurs  by  accident. 

A  simple  rule  for  calculating  the  current  due  to  such  an 
arrangement  is  that  the  two  batteries  are  equivalent,  as 
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regards  the  external  circuit,  to  a  new  battery  whose  E.M.F. 
equals  the  E.M.F.  of  one  of  them  multiplied  by  the  resist- 
ance of  the  other  plus  the  E.M.F.  of  the  latter  multiplied  by 
the  resistance  of  the  former,  the  sum  being  divided  by 
the  sum  of  their  internal  resistances,  whilst  the  internal 
resistance  of  this  new  battery  is  equal  to  the  joint  resistance 
of  the  two  batteries.* 

NOMBER  OF  CeLI^  REQUIRED  TO   FURNISH  A  GiVEN  CURRENT. 

It  is  frequently  necessary  to  find  the  number  of  cells 
which  will  be  required  to  furnish  a  given  current  through 
a  certain  external  resistance.  If  the  internal  resistance  of 
the  cells  required  is  negligible — as  in  the  case  of  secondary 
cells — ^the  required  number  of  cells  is  obtained  by  ascer- 
taining the  voltage  necessary  and  then  dividing  it  by  the 
E.M.F.  per  cell. 

Example, — ^How  many  secondary  cells  will  be  required 
to  furnish  a  current  of  20  m.a.  through  a  circuit  of  1536**  ? 

Note. — E.M.F.  per  cell  should  be  taken  as  2  volts. 

Current  X  resistance  =  E.M.F.  required 
•02  X  1536  =  3072  volts. 
Total  E.M.F. 


E.M.F.  per  cell 
3072 


=  Number  of  cells 
=  15-36,  i.  6.  16  cells. 


The  answer  15*36  is  not  practical  because  a  special  cell 
having  an  E.M.F.  of  '36  of  the  E.M.F.  of  2  volts  would 

*  The  valae  of  the  ciurreiit  C  in  the  external  circuit  is  also  given  by  the 
following  equation : — 

f  1  r,  +  tfa  ri 
ri  Ti  +  ri  r,  +  r^  r^ 
where  e^  =  E.M.F.  of  first  cell 

<?2  =       )t        second  cell 
r,  =  Internal  resistance  of  first  cell, 
rg  =       „  ,,  second  cell, 

r,  =  External  resistance. 
If  the  two  cells  are  joined  ap  so  that  the  cells  combine  together  in 
series  the  namerator  of  the  equation  should  be  altered  to  ^i  r^  -  «2  r^. 
From  this,  it  follows  that  when  no  current  flows  through  the  external 
drcnit  the  ratio  of  the  E.M.F.S  of  the  two  cells  is  equal  to  the  ratio  of 
their  internal  resistances. 
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have  to  be   designed,   and   therefore   the   smallest  whole 
number  in  excess  of  the  result  is  taken. 

In  the  case  of  primary  cells  the  internal  resistance  cannot 
usually  be  ignored  and  the  procedure  shown  above  cannot 
be  followed,  because  the  total  resistance  of  the  circuit  is  not 
known  until  the  number  of  cells  in  circuit  is  ascertained. 
The  calculation  of  the  current  through  a  circuit  connected 
to  a  battery  consisting  of  a  number  of  cells  in  series  has 
been  shown  on  page  48.  By  the  aid  of  a  little  elementary 
algebra  the  following  rule  can  readily  be  obtained  :* — 

XT      1        f     11  External  resistance 

j^imiber  01  cells  —  ,,-vi  t-. n —    - 

L.M.F.  per  cell     _  j^^^^^.^^^  ^^         ^^^^ 

Current  required 

i.  e.  divide  the  E.M.F.  per  cell  by  the  current  required  (in 
amperes),  and  from  this  deduct  the  internal  resistance  per 
cell.  The  number  of  cells  required  is  then  equal  to  the  ex- 
ternal resistance  divided  by  the  result  of  the  first  operation. 
Example. — How  many  cells  E.M.F.  1^  per  cell  and  in- 
ternal resistance  10**  per  cell  will  be  required  to  provide 
a  current  of  15  m.a.  through  a  resistance  of  1200"  ? 

1200_^2118,i?\c.  22  cells. 


ii5-'' 


The  result  obtained  from  wrongly  using  the  simplified 
formula  applicable  to  cases  where  the  internal  resistance  is 
negligible  would  have  been  18  cells.  The  same  remarks 
apply  to  the  fractional  result  as  before,  save  that  in  this 
case  the  internal  resistance  of  the  special  cell  would  also 
have  to  be  proportionally  less.  The  current  produced  by 
22  cells  "vvill  be  slightly  in  excess  of  15  m.a.,  whilst  that 
supplied  by  21  cells  would  be  very  slightly  less  than  the 
specified  value. 

A  minimum  value  for  the  E.M.F.  and  a  maximum  value 
for  the  internal  resistance  of  each  type  of  cell  was  given  in 
Chapter  I.     A  cell  having  these  values  is  not  considered  to 

*    ne  li        ,  ,        n     1,    .         . 

i  =  (7  .'.  n  =  where  n  =  number  of  cells  lu  series,  r  =  in- 


nr  +  a  ^  ^  r 


ternal  res.  per  cell,  H  =  external  res. ,  and  C  =  current  in  amperes. 
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be  faulty,  and  although  the  average  values  given  by  an 
efficiently  maintained  battery  would  be  far  better  than  these, 
it  is  clearly  necessary  to  recognize  that  the  worst  values  may 
obtain.  In  order  that  the  specified  current  shall  always  be 
produced  upon  a  telegraph  circuit,  the  minimum  value  of 
the  E.M.F.  per  cell  and  the  maximum  value  of  the  internal 
resistance  per  cell  are  always  taken  in  working  out  the 
battery  power. 

Example. — What  power  will  be  required  to  work  a  double 
current  set  through  a  line  10()  miles  of  100  lb.  copper  line  ? 

Resistance  of  wire                          =  878" 

„    the  two  earths        =  20" 

„           „  two  galvanometers  —  00" 

„           „  one  relay                  =  400" 

Total  external  resistance  =  1358" 

Large  Daniells  E.M.F.  '972^,  internal  resistance  4"  per  cell 
are  employed.     14  m.a.  required. 

Number  of  cells  required  ~  ,^^^  - — 

A 

vTi  ~ 

=  20-76 
or  21  cells. 

In  practice  22  cells  would  be  employed,  probably  made 
up  of  four  five-cell  and  one  two-cell  batteries. 

Special  Cases. 

The  internal  resistance  of  the  battery  employed  upon 
telegraph  circuits  is  nearly  always  much  less  than  that  of  the 
external  circuit,  and  therefore  the  cells  are  generally  arranged 
in  simple  series.  In  such  cases  the  formula  given  above  is 
always  applicable,  and  the  result  obtained  may  be  accepted 
without  question.  Where,  however,  the  internal  resistance 
approaches  or  approximates  to  that  of  the  external  circuit  a 
certain  amount  of  caution  is  necessary.  Tiiis  condi  tion  is  for- 
tunately indicated  by  the  formula.  If  the  E.M.F.  per  cell 
divided  by  the  current  is  not  at  least  twice  the  value  of  the 
internal  resistance  per  cell,  then  a  multiple-series  arrange- 
ment is  necessary.     If  the  internal    resistance   is   greater 
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than  the  first-named  quantity,  the  current  cannot  be  pro- 
vided by  cells  in  simple  series.  The  maximum  current  is 
obtained  from  a  cell  when  it  is  short  circuited,  and  this 
current  is  the  same  as  that  obtained  from,  say,  a  thousand 
cells  placed  in  series  and  short  circuited. 

The  internal  resistance  of  a  number  of  cells  in  multiple 
arc  is : — 

Internal  resistance  per  cell        xt      i       . 

r:? — ^i 7 X  Number  m  series. 

Number  oi  rows 

(This  is  identically  the  same  as  the  statement  on  page  47.) 
A  battery  consisting  of  two  rows  of  cells  in  parallel  is 
equivalent  to  one  battery  (in  simple  series),  having  the  same 
number  of  cells  as  one  row  of  the  former,  but  having  an 
internal  resistance  equal  to  half  that  of  the  former  per  cell. 
This  forms  the  key  to  the  solution  of  such  a  problem  as 
the  following  : — 

Example, — How  many  cells  having  an  E.M.F.  of  two 
volts  and  an  internal  resistance  of  10**  per  cell  will  be 
required  to  furnish  a  current  of  400  m.a.  through  an 
external  resistance  of  18"? 

Simple  series  : — 

18  18 


2  _  jQ      5  -  10 
'4 

Denominator  negative,  therefore  simple  series  will  not 
meet  the  case. 


Two  row^s  :- 
Three  rows  ; 


.11-=  Infinity. 


-  —  J  =  10-8,  t.£>.  11  cells. 

Note. — E.M.F.  -^  current  is  less  than  twice  the  internal 
resistance. 

Four  rows  : — 

1\^  =7-2,  2.^.8  cells. 
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Fire  rows  : — 

Six  rows  : — 


-= -r  =  5*4,  i.  e.  6  cells, 

n I  A. 


5 -If 

The  total  number  of  cells  required  is  as  follows  : — - 

Three  rows  ....  33 

Four  rows     ....  32 

Five  rows     ....  30 

Six  rows       ....  36 

The  aiTangement  with  five  rows  gives  the  smallest  num- 
ber of  cells,  and  is  therefore  to  be  preferred.  Where  two 
different  arrangements  give  the  same  result  it  is  well  to 
remember  that  the  resistance  of  a  primary  battery  will  rise 
towards  the  end  of  its  discharge,  and  therefore  the  arrange- 
ment with  the  lower  value  of  internal  resistance  should  he 
chosen.  It  may  also  be  noted  thp-t  the  larger  the  number 
of  rows  the  smaller  is  the  current  provided  by  each  cell. 


PART  II.— JOINT  RESISTANCE  AND  DIVISION  OF 
CURRENT. 

The  total  resistance  offered  by  circuits  or  conductors 
placed  in  series  is  equal  to  the  sum  of  their  separate  re- 
sistances. For  instance,  the  total  resistance  of  the  con- 
ductors depicted  in  Fig.  18  is  1623". 

Mmt ^vvvvwvwvwvwwv wvwww 


Fio.  18.— Reflistances  in  Bcries. 


Before  dealing  with  resistances  in  parallel  it  is  necessary 
to  define  some  of  the  important  terms  which  are  commonly 
employed. 

Conductance  has  exactly  the  opposite  meaning  to  resist- 
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ance,  and  may  be   defined  as   the  inverse  of   resistance. 
From  this  definition  it  follows  that 

Conductance  =  ;?;—.     

Kesistance 

and  Resistance      = 


Conductance. 


The  unit  of  resistance  is  the  "  ohm,"  and  that  of  con- 
ductance is  the  "  mho,"  which  is  "  ohm  "  written  back- 
wards. A  circuit  having  a  resistance  of  one  ohm  has  a 
conductance  of  one  mho,  so  that  the  two  units  themselves 
have  the  same  numerical  value  in  this  case.  A  circuit 
having  a  resistance  of  10**  has  a  conductance  of  yV  mho, 
whilst  a  circuit  having  a  resistance  of  jV"  would  have  a 
conductance  of  10  mhos. 

This  definition  of  conductance  is  extremely  useful  in 
making  clear  the  methods  of  finding  the  resistance  of  a 
number  of  paths  in  parallel  and  the  proportion  in  which  a 
given  value  of  current  will  divide  amongst  them. 

It  has  been  found  that  the  total  condtLctance  of  a  number 
of  paths  in  parallel  is  equal  to  the  sum  of  their  separate  con- 
ductances. The  joint  resistance  or  total  resistance  offered 
by  the  combination  of  paths  is  therefore  the  reciprocal  of 
their  total  conductance,  which  latter  is  obtained  by  adding 
together  the  conductance  of  each  path. 

An  example  of  the  application  of  these  rules  is  appended  : 

What  is  the  joint  resistance  of  four  paths  having  resist- 
ances of  respectively  2",  3",  4**,  and  5"  placed  in  parallel  ? 

Total  conductance  =  sum  of  separate  conductances 
=  1+5  +  1+1  mho. 
^1 
Conductance 


Resistance 


Joint  resistance      =  ^  — = = =  t  -       -^    ^  ohm. 

i  otal  conductance      t,  +  i + f  + 1 

1       60    . 
=  ^^  =  ;r_  ohm. 

77      77  ^ 

60 

In  the  case  of  a  number  of  paths  of  equal  resistance  placed 
in  parallel  inspection  of  the  previous  example  will  at  once 
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reveal  the  fact  that  their  joint  resistance  is  equal  to  the 

resistance  of  one  of  them  divided  by  the  number  of  paths 

in  parallel.     For  instance  the  joint  resistance  of  ten  1000" 

1000 
paths  placed  in  parallel  is— ^rr   =  100" . 

Another  very  useful  rule  may,  with  the  aid  of  a  little 
simple  algebra,  be  deduced  from  the  rule  on  p.  56.  It  is 
that  the  resistance  of  two  paths  in  parallel  is  equal  to  their 
product  divided  hy  their  sum.  An  example  of  its  application 
is  given  below  : — 

What  is  the  joint  resistance  of  a  50"  path  in  parallel 
with  a  150"  path  ? 

Joint  res  ~  P^^^uct  ^  50  X  150  _   7500  _  o...^ 
Jomt  res.  ^  -g— -   -  ^_^ri50  —200—  ^^  ^  ' 

1 \AAWWVVy 1 


■^wvw^- 


20- 


70 


20O- 

I wwvvwwvwvww^ ' 

Fia  19. — Resistances  combined  in  series  and  parallel. 

A  formula  could  be  deduced  for  three,  four,  five,  or  any 
number  of  paths,  but  the  complication  involved  is  too 
great  since  a  separate  formula  would  have  to  be  memorized 
for  each. 

A  problem  which  occasionally  crops  up  in  practice  is 
that  in  which  the  joint  resistance  and  the  resistance  of  one 
of  the  two  paths  in  parallel  only  are  known.  From  this 
information  the  resistance  of  the  other  path  may  readily  be 
obtained. 

It  has  already  been  stated  that  the  total  conductance  is 
equal  to  the  sum  of  the  separate  conductances.  In  the 
case  of  two  circuits  in  parallel  the  total  conductance  is 
equal  to  the  conductance  of  the  two  added  together. 
Hence  the  conductance  of  one  of  the  circuits  is  clearly 
equal  to  the  total  conductance,  less  the  conductance  of  the 
other  circuit. 

An  example  is  appended : — The  joint  resistance  of 
two  paths  in  parallel  is  20* ,  and  the  resistance  of  one  of 
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them   is  known  to  be  30" .     Find  the  resistance  of  the 
other  path. 

Conductance  of  first  circuit  =  total  conductance  —  con- 
ductance of  second  circuit. 

Conductance  of  first  circuit  ~  90  "~  on  oaho 

.'.  Resistance  of  first  circuit  =■ ohms 

20~30 
=  60" 

An  example  of  a  somewhat  complicated  circuit  is  shown 
in  Fig.  19.  The  total  resistance  of  the  arrangement  is 
equal  to  the  joint  resistance  of  200*  and  the  resistance  of 
the  remainder  of  the  circuit.  The  example  would  be 
worked  as  follows  : — 

Joint  resistance  of  20*  and  30*  paths  =  ^Ix  qA  =  ^^^ 

Total  resistance  of  upper  path     =  18  +  12+70  =  100« 
Resistance  of  whole  combination  =  ^rz 

=  OOf" 

From  the  extensions  of  Ohm's  law  known  as  KirchofF's 
laws  it  can  readily  be  shown  that  a  cum^ent  divides  between 
a  number  of  patlis  in  parallel  in  direct  proportion  to  their 
respective  conductances.  An  example  of  the  application  of 
this  rule  is  given  below : — 

A  current  of  10  amperes  divides  between  four  paths  in 
parallel  whose  resistances  are  respectively  3** ,  4** ,  5" ,  and 
6" .     What  is  the  value  of  the  current  in  each  path  ? 

The  conditions  of  the  problem  are  shown  in  Fig.  20. 

Resistances  of  paths  3"  4-     5"     6" 

Conductances  of  paths  i  i      t      ?i 

The  10  amperes  divide  as  ^  •  i  ^  y  ^  i^ 

Bringing  to  common  denominator  Ij-^  :  -J^  :  \%  :  i^ 

The  10  amperes  divide  as  20  :  15  :  12  :  10 
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/.  if  the  total  current  splits  into    20  +  15  +  12  +  10 
=  57  parts, 

the  current  through  each  path  is  respectively  |^,  ^, 
ih  TT  of  1^  amperes. 

i.  e.  3f^,  2Uy  2 A,  l^T  amperes. 

Obviously  if  this  result  is  correct  the  sum  of  the  currents 
should  be  10  amperes,  and  by  trial  it  will  be  found  to  be 
so.  The  current  in  the  6**  path  should  be  half  that  in 
the  3**  path.  These  points  enable  one  to  rapidly  test  the 
accuracy  of  the  arithmetic  involved. 

A  useful  rule,  the  accuracy  of  which  may  readily  be 
checked  by  the  above  methods,  is  that  by  which  the  current 
through  two  paths  A  and  B  in  parallel  may  be  at  once 

^WWW 


10  AMPERES 


n/\MMW- 


y' ^wvwvv \ 

^^ ^AAAAAAAAAyl ^ 


-AMMAW- 


>  AMPgRES 


-^mmw^ 


Fio.  20.— Division  of  current  between  paths  in  parallel. 

written  down  without  calculation.     Tlie  cuiTent  through  A 

B 
.is  - — — ^  of   the   total  current,  and   that   through  B  is 
A  -{-  -D 

-r— — -r^  of  the  total  current,  e.q, 
A+B  '     ^ 

A  current  of  10  amperes  divides  between  two  paths  of 
2*  and  3"  placed  in  parallel.  What  is  the  current  in 
each? 

3 
In  the  2*  path      '    ^  of  10  amps  =  6  amperes. 

2 

In  the  3**  path  ^  of  10  amps  =  4  amperes. 

It  is  sometimes  necessary  to  deduce  the  resistance  of  a 
path  of  unknown  resistance,  placed  in  parallel  with 
another  of  known  resistance,  from  a  knowledge  of  the 
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proportion  in  which  a  current  divides  between  them. .  It 
has  been  previously  pointed  out  that  the  current  splits  in 
direct  proportion  to  the  conductances  of  the  paths.  The 
converse  of  this  is  obviously  true,  viz.  that  the  conductances 
of  paths  in  parallel  are  proportional  to  the  currents  in  each. 
An  example  is  given  below  : — 

The  currents  in  two  paths  in  parallel  are  respectively  10 
amperes  and  8  amperes.  If  the  resistance  of  the  highest 
path  is  40  **,  what  is  the  resistance  of  the  other  ? 

Currents  in  the  paths  respectively  10  and  8  amperes 
.'.  Conductances  of  the  paths  10  :  8 

The  conductance  of  the  better  path  =   tt  of  the  other. 

Conductance  of  other  path  =  jk 

.'.  Conductance  of  better  path  =  "o"  of  In 

=  32  mho 
Resistance  of  better  path     =  32*» 

Another  method  of  working  this  problem  is  given  in 
order  to  clearly  demonstrate  a  useful  fact  in  connection 
with  circuits  in  parallel.  Referring  again  to  Fig.  20 ;  the 
difference  of  potential  between  A  and  B  can  have  but  one 
value,  since  were  this  not  the  case  either  the  point  A  or 
the  point  B  would  have  two  different  potentials  at  one 
time.  This  is  clearly  impossible,  hence  the  current  in 
each  path  multiplied  by  its  resistance  gives  the  difference 
of  potential  between  its  ends,  and  this  is  the  same  for  all 
the  paths.  Practically,  this  statement  means  that  Ohm's 
law  may  be  applied  to  a  part  of  a  circuit.  Had  there  been 
batteries  inserted  in  the  paths  the  question  would  have 
been  a  little  more  complicated. 

The  working  of  the  previous  example  by  means  of  the 
facts  stated  above  is  appended. 

Resistance  of  highest  path  40** 
Current  in  „  „       8  amperes 
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Difference  of  potential  between  its  ends  40  X  8  =  320 

volts. 

E  320 

R  =^   -  .\  Resistance  of  other  path  -—  =  32**. 
G  10 

The  current  sent  through  any  circuit  by  a  battery  is 

equal  to  its  E.M.F.  divided  by  the  total  resistance  of  the 

circuit.     This  total  resistance  is  made  up  of  the  internal 

resistance  of  the  battery  and  the  external  resistance.     For 

instance,   a  battery  having  an   E.M.F.   of  20*^     and    an 

internal  resistance  of    100**   applied  to  a  circuit  of  400** 

20 
will  produce  a  current  of  iru)  i  aoq  ^^  ^0  m.a.     The  joint 

resistance  of  the  circuits  in  parallel  is  the  external  resist- 
ance, as  in  the  following  example  : — 

Example. — What  current  will  be  produced  in  each  of  four 
circuits  of  respectively  20** ,  30** ,  100**  and  150**  resistance 
joined  in  parallel  to  three  five-cell  Large  Daniell  batteries 
also  joined  in  parallel  ?  E.M.F.  per  cell  one  volt.  Internal 
resistance  6**  per  cell. 

E.M.F.  of  battery     =  1'  X  5  =  5  volts. 

6x5 
Internal  resistance  =    — ^—  =  10** 

Resistances  of  paths  20-  30«  100**  150« 

Conductances  of  paths  ^nr  ^V  Tair  yitr 

T^-     •      .  A         .,       15    10     3      2 

i5nnging  to  common  aenominator  oru]  qfjn  Qrwi  Vid 

Total  coaductance  =  l^±^+-l±l^  ^ 

oUO  300 

Joint  resistance       =         =  10** 

Total  current  =  —  =  --  =  250  m.a. 

J-W  ~t~   ■*-v-'  ^v/ 

The  current  splits  as  15  :  10  :  3  :  2 

/.  if  250  m.a.  splits  into  15  +  10  +  3  +  2  =  30  parts 

1.         1.        I.        ,.  .  .    ,    15     10     3 

the  current  through  each  path  is  respectively  o7^>    ^.j    ^ry 

I-,  of  250  m.a. 

i.  6.  125  m.a.  83*3  m.a.  25  m.a.  16*7  m.a. 
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Whilst  dealing  with  batteries  and  circuits  it  will  perhaps 
be  well  to  deduce  the  relations  which  exist  between  the  E.M.F. 
of  a  battery  and  the  difference  of  potential  between  its  ter- 
minals when  connected  to  a  completed  circuit.  This  may  best 
be  done  by  considering  a  definite  case.  A  battery  having 
an  E.M.F.  of  2  volts  and  an  internal  resistance  of  12"  is 
connected  to  a  circuit  having  a  resistance  of  8*  (Fig.  21). 

2 
The  current  through  the  circuit  is  19   ■   0=  *1     ampere. 

The  difference  of  potential  between  the  ends  of  the  external 
resistance  is,  by  Ohm's  law,  '1  X  8  "  =  '8  volt.  This  is  a 
difference  of  potential  observable  at  the  terminals  of  the 

s" 

A/m/mmt^ 


)CA  B 


12"" 

Fio.  21.~If  the  E.M.F.  of  the  cell  is  2*  the  difference  of  potential 
between  A  and  B  is  '8^. 

cell  when  the  circuit  is  closed.  The  difference  between 
this  value  and  that  of  the  E.M.F.  of  the  battery  on  open 
circuit  is  the  E.M.F.  which  is  lost  in  traversing  the  resist- 
ance of  the  battery.  The  current  inside  the  battery  is 
obviously  the  same  as  that  in  the  external  circuit,  viz. 
'1  ampere.  Hence  the  value  of  the  E.M.F.  taken  up  in 
the  battery  itself  is  "1  X  12**  =1*2  volts,  which  is  the  value 
deduced  from  the  difference  between  the  E.M.F.  on  open 
and  closed  circuit.  In  any  case  of  this  character  the  whole 
of  the  E.M.F.  of  the  cell  must  be  accounted  for. 

From  a  knowledge  of  the  E.M.F.  of  a  battery  upon  open 
circuit  and  the  differences  of  potential  across  its  terminals 
when  connected  by  a  known  resistance,  the  value  of  its 
internal  resistance  can  readily  be  calculated.  This  is  the 
principle  employed  in  one  method  of  measuring  internal 
resistance.     A  nuiherical  example  is  appended : — 
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Example. — The  E.M.F.  of  a  battery  upon  open  circuit 
is  30  volts,  but  when  the  circuit  is  closed  through  an  external 
resistance  of  70*  the  difference  of  potential  falls  to  23  volts, 
What  is  its  internal  resistance  ? 

Method  I, 

E.M.F.  of  battery  *  3(/ 

P.D.  across  70"  =  23^ 

E.M.F.  lost  in  battery  itself  =  30  -  23  =  7" 
Current  in  battery  and  in  70"  circuit  is  the  same. 
.-.  By  Ohm's  law  23  :  7  :  :  70  :  Internal  res. 
^  7 

Internal  res.  =  93  ><  70 

«     21-3"  approx. 

MetJiod  II. 

E.M.F.  of  battery  «  30^ 

P.D.  across  70"  =  23^' 

E.M.F.  lost  in  battery  itself-  30  -  23  =  7* 

PD       23 
Current  through  70"  =  -itq  =  Jq  ^^^P^^^ 

E.M.F.  lost       7 
Internal  resistance  of  battery  =»     Current    ~  ^*' 


21*3"  approx. 


70 


PART  III.— THE  RESISTANCE  OF  WIRES  OF  VARYiNG  ' 
DIMENSIONS. 

It  has  been  found  by  experiment  that  the  resistance 
which  any  conductor  offers  to  an  electric  current  depends 
upon  three  feictors,  viz. :  — 

1.  Its  dimensions. 

2.  Its  composition. 

3.  Its  temperature. 

If  the  resistance  of  any  material  of  known  dimensions 
has  a  certain  value  at  a  particular  temperature  then  it  is  a 
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matter  of  ease  to  deduce  the  value  of  the  resistance  which 
will  be  offered  by  that  material  when  given  different 
dimensions  at  the  same  temperature.  The  changes  produced 
by  altering  the  temperature  have  been  carefully  determined 
for  all  the  substances  in  common  use  for  electrical  purposes. 
It  will  therefore  be  seen  that  if  the  resistance  of  any 
substance  of  known  dimensions  is  stated  for  any  given 
temperature  the  determination  of  its  resistance  when  made 
into  any  particular  form  is  merely  a  matter  of  arithmetic. 

Experiment  proves  that  the  resistance  of  a  conductor  of 
uniform  gauge  is  directly  proportional  to  its  length  and 
inveraely  proportional  to  its  sectio7ial  area.  It  is,  of 
course,  assumed  that  the  temperature  and  composition 
do  not  vary.  This  condition  will  apply  to  all  the  problems 
.  given  unless  otherwise  specified. 

In  order  to  shorten  and  simplify  the  various  proportions 
stated  the  following  letters  will  be  employed  to  denote  the 
values  of  the  resistances  and  dimensions  stated  opposite 
them — 

li  to  represent  the  length  of  the  first  wire. 

I2   „  „  „  „       second  wire. 

«!  ,,  „  sectional  area  of  the  first  wire, 

ag  „  „  „  „         „      second  wire, 

dj  „  „  diameter     „         „      first  wire. 

d^  „  „  „  „         „      second  wire. 

Wi  „  „  total  weight  „      first  wire. 

w?2  »  „  „         „  „      second  wire. 

Ri  ,,  „  resistance  „      first  wire. 

R'Z  iy  »  )i  )»      second  wire. 

Example  1. — If  the  resistance  of  10  miles  of  wire  is 
89**,  what  is  the  resistance  of  7  miles  of  similar  wire  ? 


1.  e. 


Example  2. — Two  wires  of  similar  gauge  and  material 
offer  resistances  of  40"  and  28".  If  the  former  is  360  yards 
long,  what  is  the  length  of  the  second  wire  ? 


lU      :     7      ::     89 

:     R, 

.     p        7  X  89 

62-3", 
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t.  e.  40     :     28     :  :  360    :     l^ 

.               28  X  360       _^^        . 
. .     ^2  =   tq =  252  yards. 

Example  3. — Two  wires  of  equal  length  have  sectional 
areas  of  12  square  inch  and  15  square  inch  respectively.  If 
the  resistance  of  the  smaller  wire  is  10",  what  is  the  resistance 
of  the  larger  ? 


•15 

:     a,     :  :     R^ 
:    12     : :     10 

;?: 

.• 

p       -12  X  10 
•«3            .,- 

=  8-. 

t.  e. 


Given  both  resistances  and  the  area  of  one  wire  the  area  of 
the  second  would  be  found  in  similar  fashion. 

Example  4. — A  wire  12  miles  long  having  a  sectional 
area  of  '021  square  inch  has  a  resistance  of  7*5  ohms. 
What  will  be  the  resistance  of  a  similar  wire  18  miles  long 
having  a  sectional  area  of  '023  square  inch  ? 


also 


h      :     h     ::     R,     : 

R, 

Oj     :     Cj     : :     i?,     : 

R, 

Ii  X  Oj     :     Ij  X     Oi     : 

■■   Ri 

:    R, 

12  X  -023     :     18  X    021  : 

:     7-5 

:    B2 

.     jj    _  18  X   021  X  7-5 

=  in-5 

>7« 

I.e. 


12  X    023 

The  sectional  area  of  a  round  wire  is  equal  to  the 
square  of  its  diameter  multiplied  by  '7854,  hence  it  will  be 
obvious  that  the  remstanee  of  a  conductor  of  uniform  gauge 
%8  proportional  to  its  length  and  inversely  proportional  to 
the  square  of  its  diameter. 

Examples  of  the  application  of  this  rule  are  appended. 

Example  5. — What  will  be  the  resistance  of  a  wire  26 
yards  long  having  a  diameter  of  33  mils  if  the  resistance 
of  a  wire  of  the  same  material  52  miles  long  with  a 
diameter  of  '01  inch  has  a  resistance  of  32"  ? 

Note. — ^In  comparing  either  two  lengths  or  two  diameters 
the  units  of  each  dimension  chosen  should  be  the  same, 
but  it  is  not  necessary  that  all  four  quantities  should  be  in 
the  same  unit.    A  mil  is  one-thousandth  of  one  inch. 


■01  inch 

= 

10  mils 

h     ■■     h 

* ; 

R,     : 

R, 

id,Y  :  (d/ 

:  : 

R,     : 

R, 

kx{d,y     :     I, 

X 

(.d,?     : 

:     R,     : 

R, 

1760)  X  332     : 

26 

X  10^ 

::     32 

:    R, 

.-.        R,  = 

26 

X  10« 

X  32 

52" 

X  1760 

X  33'^ 
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and 

(52  X 


=  •0008348-  or  83-^8  microhms. 

In  problems  where  the  lengths  of  the  two  wires  are 
equal  the  proportion  reduces  to  : — 

(d,)^     :     (d,)*     ::     i?,     :     R,. 

Example  6. — ^A  wire  30  miles  long,  40  mils  in  diameter 
has  a  resistance  of  1000**.  What  is  the  length  of  a  wire 
of  the  same  material  having  a  resistance  of  200^  and  a 
diameter  of  25  mils  ? 

R^     :     R^     ::     li  X  (d.^)-     :     l^  X  {d^Y 
i.  e.      1000     :     200     :  :     30  X  252     :     ig  X  40^ 
200  X  30  X  25^ 

_  200  X  30  X  25^ 
^  ^       1000  X  402 
—   2 '344  miles  approx. 

Example  7. — The  resistance  of  an  iron  wire  20  miles 
long,  having  a  diameter  of  171  mils  is  2664".  What  is 
the  diameter  of  a  wire  3  miles  long  having  a  resistance  of 
79-92-? 

R^     :     R,     ::     kx  {d,Y     :     I,      x     (d^Y 
i.  e,     79-92     :     2G6-4     :  :     3  x  171^     :     20  X  {d.^y 

-  -  "^^  ^  ^^2;  -  79.92 

_  266-4  X  3  X  1712 
W  -^    79.92  X  20 

.-.     d  =  V^620  =  121  mils  approx. 

Example  8. — What  is  the  diameter  of  a  wire  7  miles 
long  having  the  same  resistance  as  a  wire  20  miles  long 
which  has  a  diameter  of  60  mils  ? 
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h     :     k         ::    fii     : 

B, 

aad 

(d,y     :     {d,y     ::     R,     : 

R^ 

Since 

2?j=J2, 

then 

h     :     h         ■■■•     (d^f: 

(d.)^ 

i.e. 

20    :     7          ::     60^    : 

{d,f 

■••id,f 

_.  7  X  602 
on 

and  d^  =  y  L^^'  =  35-5  mils  approx. 

Where  the  diameter  of  one  wire  and  the  sectional  area 
of  another  is  given  it  is  obviously  necessary  to  reduce  both 
to  the  same  dimension.  It  has  been  previously  stated  that 
the  area  of  a  circle  is  equal  to  "7854  times  its  diameter.  An 
example  in  which  these  complications  arise  is  given  below : — 

Example  9. — A  wire  17  miles  long,  diameter  171  mils 
has  a  resistance  of  230".  What  is  the  resistance  of  a 
similar  wire  152  yards  long  having  a  sectional  area  of  '02 
square  inch  ? 

Note. — As  in  the  previous  problem  both  lengths  must  be 
in  the  same  units.  A  similar  remark  also  applies  to  the 
diameters. 

Preliminary  calctdations. 

The  area  of  a  circle  =  t  X    (diameter)^. 

^  =  31416  .-.   ^  =  -7854. 
4 

Diameter  of  wire  =  171  mils  =  '171  inch. 

Area  of  wire  '171  inch  in  diameter   =    '7854    X  171^ 
=  '023  square  inch. 
As  in  example  4. 

li  X  a^     :     I2  X  a^     : :     R^     :    R^ 
i.e.    17  X  1760  X  '02  :  152  X  '023  :  :  230  :  R^ 
.  P  _  152  X  '023  X  230  _  ,  .o.« 
••^^"l7~xl760x-02  ■"■^"^^ 

The  rules  given  for  the  comparison  of  the  resistances  of 
wires  of  differing  dimensions  are  merely  deductions  from  the 
experimentally  determined  equation  given  overleaf  : — 


6d 
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R 


I  xS 


where     I  =  length,  of  conductor  (inches  or  cms.). 

a  =  sectional  area  of  conductor  (inches  or  cms.). 
S  =  specific  resistance  or  resistivity,  as  it  is  now 

termed  (cubic  inches  or  c.  cms.). 
R  =  resistance  of  conductor  in  ohms. 

If  I  and  a  are  made  unity  then  R  is  equal  to  S,  hence 
resistivity  of  any  substance  is  the  resistance  between  the 
opposite  faces  of  a  unit  cube  of  that  material.  Since  both 
inches  and  centimetres  are  in  daily  use  as  units  it  is 
necessary  to  specify  the  unit  employed.  The  resistivity 
of  a  substance  is  therefore  defined  as  so  many  microhms 
per  cubic  inch  or  per  cubic  centimetre,  according  to  the 
unit  chosen.  It  is  scarcely  necessary  to  remark  that  Z,  a, 
and  S  must  all  be  in  either  centimetres  or  inches  and  not 
a  compound  of  both. 

The  resistivities  of  a  few  materials,  taken  from  the 
observations  of  Dewar  and  Fleming,  are  given  below : — 


Rettistivity  atO'C. 


Material. 


Micrahmsper 
cubic  inch. 


Silver  (electrolytic) 

Copper*     ,, 

Gold  . 

Aluminium 

Zinc    . 

Nickel  (electrolytic) 

Iron   . 

Tin  (pressed) 

Lead  (pressed) 

Mercury 

Oermau  silver 

Graphite 

Saturated    solution    of  I 

sulphate  of  copper 
Saturated    solution    of 

sulphate  of  zinc 


13-268  X  10« 


HicroliinB  per 
cubic  centimetre. 


•57795 

1-468 

•61457 

1  561 

•86496 

2^197 

1049 

2-665 

2-2642 

5^751 

27303 

6  936 

3-5689 

9-065 

5-137 

13-048 

8  0236 

20-38 

3704 

9407 

8  to  12 

20  to  30 

118  to  157 

300  to  400 

11-535  xlO« 

29-3  X  10* 

33-7  xl0« 


*  Matthiessen's  standard  of  -153858  standard  ohms  resistance  for  a 
wire  i  metre  long,  weighing  1  gramqie  at  60^  F.  is  taken  as  the  standard 
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Example  10. — What  is  the  resistance  of  one  mile  of 
copper  wire  112  mils  in  diameter,  given  the  resistivity  as 
"681327  microhms  per  cubic  inch? 

^      (1700  X  36)  X  -681327     .      , 

^=        -7854  xyi2?        "'""^"' 
=  4,382,000  microhms  approx. 
=  4-382«. 

It  may  also  be  well  to  note  that  the  statement  upon  page 
08  may  be  written  in  the  following  form  : — 

S|>cci(ic  resiBtance  (per  cubic __  Res.  iu  ohms  x  area  (inches  or  cms.) 
inch  or  per  cubic  cm.)  LengTh  (inVhe.s~or~cms.) 

All  quantities  must  be  in  indies  or  all  in  centimetres. 

An  example  of  the  application  of  these  facts  is  appended. 

Examjjle  11. — Compare  the  specific  resistances  of  iron  and 

copper,  given  that  1  mile  of  iron  wire  171  mils  in  diameter 

has  a  resistance  of  13*32  ohms,  whilst  a  mile  of  copper 

wire  having  a   diameter  of  97   mils  has  a  resistance  of 

5  "855  ohms. 

^      .fi  ,.  u'        u      13-32  X  (-1712  X -7854) 

bpecinc  res.  of  iron  per  cubic  inch  = ,^\-      -,,. —    - 

^  1760  X  36 

=  4*829  microhms  approx. 

^_  ..  f  ,   .     1      5*855  x(*0972  x  '7854) 

opecihc  res.  of  copper  per  cub.  inch  —  -   —  ^m~    *xr 

—  '6829  microhms  approx. 

Answer.     4*828     :     '6829 
or     7*07        :     1 


for  hard  drawn  high  conductivity  comrnercial  copper.  Its  specific  gravity 
at  thi:i  temperature  is  taken  as  such  that  the  weight  of  a  cubic  foot  is 
555  lbs.  The  resistance  of  annealed  high  conductivity  commercial  copper 
M  -66788  microhm  per  cubic  inch,  and  1-69639  microhms  per  cubic 
centimetre,  whilst  the  corresponding  values  for  hard  drawn  copper  are 
respectively  -681327  and  l*7305i  microhms.  (See  report  of  the  British 
Il^prpsentative  Committee  on  Copper  Conductors  in  Munro  and  Jainieson's 
Pocket-book,  or  in  the  Journal  of  the  Institution  of  Electrical  Engineers.) 
The  resistivity  of  pure  iron  is  10*616  microhms  per  cubic  centimetre. 
One  mile  of  pure  iron  wire  having  a  resistance  of  one  ohm  weighs  4656  lbs. 
whjlft  an  onm-mile  of  commercial  wire  should  not  weigh  more  than 
5328  lbs.     (See  page  71.) 
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This  may  also  be  expressed  by  the  statement  that  the 
iron  has  a  conductivity  equal  to  14*14%  of  that  of  the 
copper. 

There  is  still  another  way  in  which  the  gauge  of  a  wire 
may  be  specified,  and  this  is  by  stating  its  weight  per 
unit  length.  This  method  is  adopted  by  the  Department, 
and  it  will  therefore  be  necessary  to  consider  the  relations 
between  the  length,  weight  and  resistance  of  a  wire. 

The  weight  of  a  wire  of  uniform  section  is  directly 
proportional  to  its  cubic  contents,  i.e.  to  its  length 
multiplied  by  its  sectional  area.  It  has  already  been 
stated  that  the  resistance  of  a  wire  is  directly  propor- 
tional to  its  length  divided  by  the  square  of  its  diameter. 
If  both  the  numerator  and  denominator  of  a  fraction 
are  multiplied  by  the  same  quantity  the  value  of  the 
fi-action  is  unaltered,  therefore  the  relation  may  be 
re-stated  thus  : — the  resistance  of  a  wire  varies  directly  as 
the  square  of  its  length,  and  inversely  as  the  product  of 
its  length  and  its  diameter  squared.  The  latter  quantity 
is  directly  proportional  to  its  weight,  hence  the  rule 
becomes : — the  resistance  of  a  conductor  of  uniform  gauge  is 
directly  proportional  to  the  square  of  its  length  and  inversely 
as  its  total  iceight. 

If  two  wires  of  the  same  total  weight  are  respectively 
one  and  two  yards  long,  then  their  resistances  will  be  as 
one  is  to  four.  Not  only  is  the  length  of  wire  greater  in 
the  second  case,  but  its  gauge  is  less  since  it  is  obvious  that 
the  same  quantity  of  metal  is  spread  over  two  yards  instead 
of  one. 

An  example  of  the  application  of  the  above  rule  is 
appended  : — 

Example  12. — A  wire  80  yards  long  weighing  30  lbs.  has 
a  resistance  of  2**.  What  will  be  the  resistance  of  a 
similar  wire  GO  yards  long  weighing  only  12  lbs.  ? 


and 


{\,r-     :     (1,)^      ::     7?,     ; 

:     B, 

w?2       :      '<'i      : :     i?i     ; 

;     B, 

.-.     a,)*  X  w,     :     (1,,)  X  w,     : 

:     Ji, 

:     B., 

i.  e.  80^  X  12      :      GO^  x  30 

::     2 

:     Bo 

„  _  GO-^  x  30  x  2  _  2.g,25- 
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When  applying  these  rules  care  must  be  taken  to  express 
the  weights  of  both  wires  as  total  weights.  As  will  be 
shown  later,  the  weight  per  mile  specifies  the  gauge  of  the 
conductor,  and  its  resistance  is  therefore  proportional  to 
the  simple  length. 

Example  13. — A  wire  1500  yards  long  weighing  300  lbs. 
per  mile  has  a  resistance  of  S'^.  What  resistance  wiU  be 
offered  by  a  wire  of  similar  material  80  yards  long  having 
a  total  weight  of  1  cwt.  ? 

Total  weight  of  1500  yards  of  wire  weighing  300  lbs. 

.,         1500x300 
per  mile  =       ^^^^^      . 

and  M>2      :     ic,        :  :     fi,     :     Bg 

.-.     il,y  X  wj     :     (y«  X  «;,     : :     7?,     :     R^ 

1500«  X  112  :  802  ^  l-'^OO  X  300  ..3.0 

1/CO 

80^  X  ^^"^IJ^J"^  X  3 

•■•  «^  =  — imirm —  =  --  =  -^^i^^s" 

The  weight  of  a  wire  of  given  length  and  material  is 
proportional  to  its  sectional  area.  It  will  therefore  be 
evident  that  the  rule  given  upon  page  64  may  also  be 
written  "  the  resistance  of  a  conductor  of  uniform  gauge 
vaines  directly  as  its  length  and  inversely  as  its  weight  per 
mile,'^  The  application  of  the  rule  is  so  obvious  in 
view  of  examples  1  to  4  that  no  illustrations  should  be 
necessary. 

In  practice  the  various  sizes  of  wire  are  named  by  their 
weights  per  mile.  For  instance,  an  iron  wire  weighing 
400  lbs.  per  mile  is  termed  a  "  400  lb.  iron  wire."  As  the 
resistance  per  mile  of  any  particular  kind  of  wire  is 
inversely  proportional  to  its  weight  per  mile  it  will 
therefore  seem  that  the  two  quantities  when  multiplied 
together  will  always  give  the  same  result.  Hence  by 
remembering  this  number  for  iron  and  for  copper  the 
resistance  of  all  the  various  sizes  of  wire  used  by  the 
Department  may  be  memorized.  The  number  is  5328  for 
iron  and  878*2  for  copper  wire. 
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5328 
The  resistance  of  a  400  lb.  iron  wire  is  therefore  -tqq  = 

13-32" ,  a  200  lb.  iron  wire  similarly  is  oqq   =  26*64" ,  i.  e^ 

twice  the  resistance  of  the  former. 

878'2 
The  resistance  of  a  100  lb.  copper  wire  is  "TTwr  =  8*782"* 

oro.9 
per  mile,  and  of  a  150  lb.  wire  -v^q-  =  5'885"  per  mile.. 

The  copper  wire  of  commerce  is  not  chemically  pure  and 
the  presence  of  impurities  increases  its  resistance.  Instead 
of  defining  the  specific  resistance  per  cubic  inch  a  con- 
ductivity of  99%  of  that  of  pure  copper  is  often  specified. 

From  either  the  specific  resistance  per  cubic  centimetre 
or  per  cubic  inch  the  resistance  of  any  wire  of  that  material 
may  be  calculated.  In  the  same  way,  from  the  resistance 
of  a  foot  of  wire  weighing  one  grain  similar  information 
may  be  deduced.  This  latter  value  is  perhaps  more  useful 
in  the  case  of  conductors  whose  gauges  are  specified  by 
their  weights  per  mile. 

The  resistance  of  a  foot-grain  of  pure  hard  drawn  copper 
wire  is  '2205" ,  and  of  pure  iron  1*169". 

The  corresponding  resistivity  formula  is  : — 

R  =  ^'  X  W 

ID 

where  1  —  length  in  feet 

W  =  resistance  of  one  foot  of  wire  weighing  one 

grain  (7000  grains  =  1  lb.) 
w  =  total  weight  in  grains. 

Example  14. — Find  the  resistance  of  a  copper  wire  1 
mile  long  weighing  100  lbs. 

P  ^  (1760  X  3)2  X  '2205 
100  X  7000 
=  8-782  ohms. 

There  is  one  other  class  of  problem  which  is  occasionally 
met  with.  In  this  the  weight  and  diameter  of  a  wire  is 
specified.     The  relation  is  that  the  resistance  varies  directly 
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as  the  total  weight,  and  inversely  as  the  fourth  'power  of  the 
diameter J^ 

Example  15. — Two  wires  weighing  80  lbs.  and  CO  lbs. 
have  diameters  respectively  100  and  40  mils.  If  the 
resistance  of  the  thicker  wire  is  10* ,  what  is  the  resistance 
of  the  other  ? 

w^  :  1^2  I  I  xtj  :  It.2 
(d,r  :  id,)*  ::R,:R, 
.  • .  w,  X  (dj)*  :  wjj  X  {d{)*  :  :  7?i  :  R^ 
i.  e.  80  X  40*  :  60  X  100*  :  :  10  :  K^ 
.    T>       60  X  100*  X  10      ono„ 
•  •  ^^  =  — 801^  4(P-  ^  ^^^    "PP™"- 

Example  16. — Two  wires  having  resistances  of  25G**  and 
81"  weigh  respectively  10  lbs.  and  25  lbs.  If  the  diameter 
of  the  first  wire  is  30  mils,  what  is  the  diameter  of  the 
second? 

R,:R,::  {d.Y  :  {d,Y 
.' .  R^  :  Ri  :  :  w^X  (d^Y  :  w^  X  (dg)^ 
81  :  256  :  :  25  X  30^  :  10  X  (d^)* 
10  X  (d,y  =  256x_25_xlO^ 

, ,  V4      256  X  25  X  30* 
^^'^  ^        81xi()_l 
d  =  i/256  "x  25  X  30* 
^         81  X  10 
=  50'3  mils  approx. 


w  is  proportional  to  I  x  a 


I  is  proportional  to  - 
a 


Now  R  is  proportional  to  -. 
a 
Substitating  for  /, 


R  is  proportional  to  -  =  ^,. 
a      w 

The  sectional  area  is  proportional  to  (P, 

.  • .  i?  is  proportional  to   - -. 
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Application  of  Laws  to  Cells. 

A  consideration  of  the  laws  governing  the  resistance  of 
wires  of  varying  dimensions  makes  it  obvious  why  a  large 
cell  has  a  lower  internal  resistance  than  a  smaller  one  of 
the  same  type.  The  larger  the  plates  the  broader  is  the 
liquid  between  them  as  compared  with  the  intervening 
distance.  The  former  corresponds  to  the  sectional  area  of 
the  w^ire. 

Effect  of  Temperature  upon  Resistance. 

The  temperature  was  assumed  to  be  the  same  in  all  the 
problems  dealt  with,  and  it  is  therefore  necessary  that  the 
effect  of  varying  the  temperature  should  now  be  considered. 
In  the  case  of  all  metals  the  resistance  rises  as  the  tempera- 
ture is  increased.  In  the  case  of  copper  wire  the  resistance 
increases  about  '428  per  cent,  per  degree  for  each  degree 
Centigrade,  or  238  per  cent,  for  each  degree  Fahrenheit. 
A  more  accurate  formula  is  : — 

7?i  =  72s2  |l  +  -0023708  x  (^  -  32)  +   00000034548  x(t  -  32)«} 

where  i?<  =  Resistance  at  '*  T  "  F. 
and  B^=  „         „  32"  F. 

(The  numerical  coefficients  were  determined  experimentally.) 

Example  17. — What  is  the  resistance  of  a  copper  con- 
ductor at  52°  F.  if  its  resistance  is  1000"  at  32°  F.? 

R,  =  1000  (l  +  -0023708  x  20  +  '00000034548  X  20^} 
=  1047-554192«. 
By  approximate  rule  ("238%  per^degree  F.) 

Increase  -  ^^  x  '238  X  20 
100 

=  17 -G- 

.-.  Rt  =  1047-6-. 

In  the  case  of  carbon  the  resistance  decreases  with  the 
temperature,  and  a  similar  remark  applies  to  most  liquid 
conductors,   mercury  being  excepted.     The    warming  of 


CIRCUITS  AND  CONDUCTORS  76 

most  insulators  decreases  their  insulating  power,  i.  e.  lowers 
their  specific  resistances. 

The  effect  of  changes  of  temperature  is  far  more  marked 
with  insulators  than  with  conductors,  for  whilst  an  increase 
of  15°  F.  would  raise  the  resistance  of  a  lOOO  copper  con- 
ductor to  1036**,  a  gutta-percha  core  would  decrease  from 
9000  to  1000  megohms  with  the  same  rise  in  temperature. 
The  equation  connecting  the  resistances  of  insulators  is  of 
the  exponential  type,  and  varies  largely  with  the  quality  as 
well  as  with  the  kind  of  material.* 

In  the  case  of  gutta-percha  the  effect  of  pressure  is  very 
great.  The  insulation  of  a  submerged  submarine  cable 
greatly  exceeds  that  observed  at  the  factory.  The  deeper 
the  cable  is  laid  the  higher  is  its  insulation  resistance. 
This  effect  is  due  solely  to  the  pressure  exerted  by  the 
water,  and  amounts  to  Q\\%  per  1000  fathoms  depth. 
Thus  a  cable  having  an  insulation  of  100  megohms  at 
atmospheric  pressure  would  have  a  resistance  222^ 
megohms  when  laid  at  a  depth  of  2000  fathoms.  India- 
rubber,  on  the  other  hand,  decreases  in  resistance,  when 
subjected  to  pressure,  at  the  rate  of  about  1G%  per  1000 
:&thoms. 

Changes  of  temperature  and  pressure  are  found  not  to 
affect  the  true  capacity  of  a  G.P.  cable.  With  india-rubber, 
a  rise  in  temperature  from  100°  F.  to  212°  F.  increased 
the  capacity  140%  (Kempe). 


PART  IV.— ELECTROMAGNETS.t 

A  magnetic  field  is  generated  by  a  loop  of  wire  convey- 
ing a  current.  The  value  of  the  field  produced  may  be 
augmented  by  increasing  the  number  of  turns  of  wire. 

It  is  now  necessary  to  also  consider  the  effect  of  intro- 
ducing an  iron  core  into  the  coil  of  wire  or  solenoid,  as  it  is 
termed,  in  this  connection.    Iron  and  steel  conduct  lines  of 

♦  Handbook  of  Electrical  Testivg,  by  H.  R.  Kempe,  6th  edition, 
p.  470. 

t*  Before  readlDg  this  part  of  the  chapter  the  reader  should  bo  familiar 
with  the  facts  illustrated  by  Fig.  27. 
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force  far  better  than  does  air,  and  a  somewhat  similar  form 
of  law  to  Ohm's  law  for  electrical  circuits  applies  to 
magnetic  circuits.  A  magnetic  circuit  may  be  defined  as 
the  path  of  the  magnetic  lines  of  force.  The  law  for  a 
magnetic  circuit  is  : — 

Magneto-motive  force  _  y-i 
Reluctance 

The  magneto-motive  force  corresponds  to  E.M.F.,  the 
reluctance  or  magnetic  resistance  to  resistance  and  the  flux 
or  number  of  lines  of  force  flowing  through  the  magnetic 
circuit  to  the  current.  The  reluctance  of  a  circuit  is 
directly  proportional  to  its  length,  and  inversely  propor- 
tional to  the  product  of  its  sectional  area  and  its  perme- 
ability. The  permeability  corresponds  roughly  to  conduc- 
tivity, and  may  be  defined  as  the  relative  conductivity 
of  the  material  under  consideration,  and  that  of  air  which 
is  taken  as  unity.  There  is,  however,  a  most  important 
difference  between  an  electric  circuit  and  a  magnetic 
circuit.  The  resistance  of  any  particular  conductor  is  the 
same  for  any  value  of  current,  so  long  as  its  temperature 
remains  constant.  In  the  case  of  a  magnetic  circuit  the 
value  varies  with  the  magnetizing  force.  For  instance, 
with  a  magnetizing  force  of  2,  the  permeability  is  2500, 
whilst  with  350  it  has  fallen  to  54.  The  reason  of  these 
changes  in  value  will  be  found  in  the  description  of  the 
molecular  theory  of  magnetism. 

The  magnetizing  force  of  a  solenoid  is  1*257  times  the 
total  number  of  ampere  turns,  i.e.  1*257  X  current  in 
amperes  X  number  of  convolutions.  Therefore  to  produce 
any  given  value  of  magnetic  flux  through  a  given  magnetic 
circuit,  a  certain  number  of  ampere  turns  of  wire  are 
required.  With  a  sounder  of  the  pattern  described  later, 
about  200  ampere  turns  are  required  to  work  the  instru- 
ment satisfactorily.  This  may  be  provided  by  a  single 
turn  of  wire  upon  each  limb  of  the  electromagnet,  if  a 
current  of  100  amperes  is  provided.  With  one  ampere 
100  turns  upon  each  limb  would  be  needed,  whilst  with 
100  m.a.  1000  turns  would  be  necessary. 

From  this  fact  one  or  two  very  useful  rules  may  be 
deduced.  One  is  that  the  maximum  effect  is  produced  by 
any  given  type  of  apparatus  when  it  is  wound  to  a  resist- 
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ance  equal  to  the  resistance  of  the  rest  of  the  circuit.  The 
assumption  which  is  made  in  this  statement  is  that  the 
windings  occupy  precisely  the  same  space  and  that  the 
wire  is  of  the  same  material  but  of  different  gauge  in  the 
tAVo  instances.  The  relation  is  a  trifle  more  complex  when 
the  thickness  of  the  insulating  covering  upon  the  wire  is 
taken  into  account,  but  the  approximate  rules  which  will 
be  indicated  are  sufficiently  near  to  the  true  results  to  be  of 
considerable  value. 

The  length  of  wire,  and  hence  the  number  of  turns  of 
wire,  which  can  be  wound  upon  a  bobbin  of  given  dimen- 
sions is  inversely  proportional  to  the  square  of  the  total 
diameter  of  the  wire.     Thus 

also  ni  :  n^  : :  {d^}^  :  {d^Y 

where  i^  and  Zgj  ^i  and  dj,  71^  and  7I2  represent  respectively 
the  lengths,  diameters,  and  number  of  turns  of  wire  in  each 
case. 

But  the  relative  resistances  of  the  windings  Ri  and  R2  in 
the  two  cases  may  be  expressed  thus  : — 

R,:R^::l^X  (d,)^  :  l^  x  {d{)'' 

Substituting  for  li  and  Zg  the  relative  values  in  terms  of 
the  diameter  of  the  wire  which  can  be  wound  upon  the 
bobbin, 

R,:R,::  (d.Y  X  {d,y  :  (d,y  X  (d,y 
I  e.  R^  :R,^::d.^^:  d^-^ 
but  Til" :  n./  : :  J/  :  d{^ 

.'.  n^  :  n.2  : :   ^JR^  '   fJRi 

The  last  relation  states  that  the  number  of  turns  of  wire 
wound  upon  an  electromagnet,  and  hence  its  figure  of 
merit,  is  inversely  proportional  to  the  square  root  of  the 
resistance  of  the  windings. 

The  application  of  these  principles  may  best  be  shown 
by  a  series  of  numerical  examples. 

ExawfLe  1. — ^The  coils  of  a  trembler  bell  (50*  per  coil) 
can  be  joined  up  in  series  or  in  parallel.  Which  method 
is  preferable  when  the  bell  is  directly  connected  to  two 
cells  in  aeries,  having  an  E.M.F.  of  1^  and  an  internal 
resistance  of  5**  i)er  cell? 
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The  magaetic  effects,  M^  and  Mj,  are  proportional  to  the 
amperes  turns  {A  X  T)  in  each  case. 

M^  :  M^  ::  A^xT  :  A^XT. 

2 
In  series,  current  =  ?Vvr  ■   m  ~  '0182  amperes 

In  parallel,  current  =  ^^  "~T7i  ~  ^^^  amperes. 

The  current  in  each  coil  in  the  latter  case  is  0285  am^D. 
since  they  are  in  parallel. 

.-.  A/i  :  A/a  :  :  '0182  X  T  :    0285  X  T. 
i  c.  M,  :  Mg  :  :  "0182  :  '0285. 

Hence  the  coils  should  be  placed  in  parallel. 

Example  2. — An  electromagnet  is  wound  with  two  equal 
wires  each  having  a  resistance  of  10",  and  is  connected  to 
a  battery  having  an  E.M.F.  of  20**,  and  an  internal  resist- 
ance of  10".  Should  the  coils  be  connected  in  parallel  or 
in  series  ? 

1  .  ,  20  2 

In  series,  current  =  o.^  ,   i^^  =  «  ^"^P- 

^U  "T"  xU        o 

In  parallel,  current  =  m  ~  o  ^"^P- 

i.  e,  I  amp.  in  each  wire. 

•       Af      '     M      ..2.2 

The  magnetic  effects  are  equal  in  the  two  cases.  Since 
the  internal  resistance  of  the  battery  is  likely  to  rise  series 
is  preferable.  Also  the  value  of  the  cun*ent  in  the  first 
case  is  half  that  in  the  second  and  the  energy  expended  is 
also  half  as  much,  which  again  points  to  series  as  the 
arrangement  to  be  preferred. 

Example  3. — ^An  electromagnet  is  wound  Avith  wire 
haying  a  diameter  of  20  mils  to  a  resistance  of  320". 
With  what  diameter  of  wire  must  it  be  re-wound  in  order 
that  its  resistance  may  be  20"  ? 

R,  :  R,     :  :  di*    :  d,\ 
L  e,  20  :  320  :  :  20*  :  d^^ 
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.    .  4      320  X  20*     ., 

••^  =- jo_^-^ 

=  1600  mils 
^2  =  40      mils. 

Example  4. — An  instrument  wound  to  a  resistance  of 
1000"  requires  a  current  of  7  m.a.  to  satisfactorily  work  it. 
What  current  will  be  required  to  produce  the  same  effect 
if  it  is  re-wound  to  a  resistance  of  100**  ? 


VlOO 
i.  e.      10 


Viooo 

31-62 


\  rii  '.  n^ 
:  ni  :  ?i2 
:  ni  :  7i2 


Since  the  effects  are  equal, 

712  X  '007  =  ?ii  X  C. 
i,  e,  10  X  007  =  31-62  x  C. 
.^  ^•007x^31-62^  22  ^^^pp^^^ 

Examjile  5. — ^Two  electromagnets  of  precisely  equal 
dimensions  are  wound  with  the  same  volume  of  wire,  but 
the  first  is  wound  with  14  mils  wire,  and  the  second  with 
4-5  mils  wire.  What  current  will  be  needed  to  produce 
the  same  effect  with  the  second  electromagnet  that  200 
m.a.  produces  with  the  first? 

d^  :  dr^    :  :  Wj  :  n2 
i.e.  14*^  :  4*5^  :  :  n^  :  712 

Since  the  effects  are  equal. 

rii  X  "2  =^  712  X  C 
i.e.  14*^  X  -2  =  4-5^  X  C 

.-.  C  =  -^-jp—  =  20-7  m.a.  approx. 

Example  6. — How  would  you  join  up  sixty  cells,  each 
ha\dng  an  E.M.F.  of  2  volts  and  an  internal  resistance  of 
4*  per  cell,  to  an  electromagnet  having  a  resistance  of  IS** 
in  order  to  produce  the  largest  possible  effect  with  the 
means  at  disposal? 
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This  is  only  another  way  of  setting  the  type  of  question 
shown  on  page  49,  since  the  eflEect  is  greatest  when  the 
current  is  greatest. 


\/K. 


X  R 


n.=  \/ 


60  X  15  ^  j5  ceUs  in  series, 


2.  e.  4  rows  in  parallel,  each  row  consisting  of  15  cells  in 
series — 

Current  = -i  =  ^  ampere. 

4 

Example  7. — Seventeen  cells  E.M.F.  '96  volt  and  4«» 
internal  resistance  per  cell  are  used  to  work  a  circuit 
having  a  resistance  of  132",  of  which  36**  is  the  resistance 
of  the  sounder.  If  tlie  sounder  is  re-wound  to  a  resistance 
of  144"  what  economy  in  battery  power  will  result  ? 

17  X  '96 
with  36"  sounder,  current  =  —- t~x^ow>  ~  ^^  m.a.  approx. 

JiU  :    V36  :  :  82  :  C. 

6  X  82 
.'.  current  required  with  144"  sounder  =  — —  —  =  41  m.a. 

Resistance  of  circuit  =-  96  +  144  =  240" 

.*.  number  of  cells  =  -,77^ =  13  cells. 

J9()  _  . 

041 
Hence  three  cells  are  saved. 


CHAPTER  ni 
GALVANOMETERS,   RESISTANCE  COILS,  AND  SHUNTS. 

GALVANOMETERS. 

THE  value  of  an  electric  current  is  defined  in  terms  of 
the  magnetic  field  which  it  produces  under  certain 
conditions.  A  current  must  be  measured  indirectly,  that 
is  to  say,  in  terms  of  the  effects  to  which  it  gives  rise. 
One  of  its  most  important  effects  is  the  production  of  a 
magnetic  field,  and  it  is  upon  this  effect  that  all  the 
instruments  termed  galvanometers  depend.  A  galvanometer 
may  be  defined  as  an  instrument  used  for  the  purpose  of 
indicating,  comparing,  or  measuring  an  electric  current  by 
means  of  the  magnetic  field  due  to  the  current  in  its  coils. 

The  magnetic  field  round  a  current-conveying  wire  is 
strictly  proportional  to  the  value  of  the  current  flowing  in 
the  wire,  and  its  direction  depends  upon  the  direction  of 
the  current  producing  it.  If  the  relative  values  of  the 
magnetic  field  at  a  given  point  produced  by  two  successive 
currents  in  a  particular  conductor  or  series  of  conductors 
can  be  ascertained  then  the  values  of  the  two  currents 
producing  those  magnetic  fields  can  be  ascertained. 

The  underlying  principle  in  all  galvanometers  (with  the 
exception  of  the  D'Arsonval  types)  is  the  comparison  of  the 
value  of  the  magnetic  field  produced  by  a  current  in  the 
coils  with  that  due  to  the  earth.  Having  laid  down  this 
principle,  th6  consideration  of  the  details  by  which  the 
object,  viz.  the  measurement  of  an  electric  current,  is 
attained  will  naturally  follow. 

A  single  loop  of  wire  traversed  by  an  electric  current 
was  illustrated  in  Fig.  2.  The  circles  with  their  accom- 
panying arrows  indicate  the  position  and  direction  of  the 
lines  of  force  due  to  the  current  traversing  the  loop  in  the 
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direction  shown.  Let  this  single  turn  of  wire  be  placed 
in  such  a  position  that  the  earth's  lines  of  force  pass 
from  A  to  By  or  in  other  words,  place  it  magnetically 
North  and  South.  The  coil  is  then  said  to  lie  in  the  mag- 
netic meridian.  A  freely  suspended  compass  needle  points 
to  the  magnetic  North  and  South,  and  if  hung  fi-om  the 
centre  of  the  turn  of  wire,  will  lie  along  the  imaginaiy 
straight  line  joining  A  and  B.  The  tendency  of  this  field 
is  clearly  to  cause  the  magnetic  needle  to  lie  along  it,  or 
in  other  words,  to  take  up  a  position  with  its  North  and 
South  poles  respectively  East  and  West,  or  respectively 
West  and  East,  according  to  the  direction  of  the  current. 
Were  the  earth's  field  absent  this  result  would  of  course 
occur,  but  when  the  two  effects  are  simultaneously  present 
it  is  obvious  that  the  needle  will  take  up  a  position  some- 
where between  the  two  positions.  The  actual  position 
depends  entirely  upon  the  relative  strengths  of  the  two 
fields. 

If  the  two  fields  are  equal  in  magnitude  the  needle  will 
take  up  a  position  midway  between  the  North  and  South 
position,  and  the  East  and  West  position.  The  needle 
will,  in  fact,  have  been  deflected  through  an  angle  of  45^ 
from  the  normal,  or  North  and  South  position.  The 
position  of  a  deflected  needle  is  always  defined  by  the  angle 
which  it  makes  with  the  nonnal  position.  In  tibe  present 
case  it  is,  as  already  stated,  termed  a  deflection  of  45°. 

The  value  of  the  magnetic  field  due  to  the  earth  may  be 
considered  to  have  a  constant  value  during  any  particular 
set  of  measurements.  This  field  is  the  one  chosen  for  the 
purpose  of  making  comparisons,  and  in  the  case  cited  it  is 
obvious  diat  the  field  due  to  the  current  and  that  due  to 
earth  are  equal  in  value.  If,  however,  the  earth's  field  is 
greater  than  that  of  the  current,  the  needle  will  lie  more  in 
the  direction  of  the  earth's  field  (N.  and  S.)  than  in  the 
direction  of  the  current's  field  (E.  and  W.).  In  other  words, 
the  deflection  will  be  less  than  45°,  whereas  it  would  be 
more  than  45°  if  the  current's  field  were  greater  than  the 
earth's.  Unfortunately  the  value  of  the  magnetic  field  is 
not  proportional  to  the  angle  of  the  deflection  produced, 
but  to  the  tangent  of  that  angle.  The  reason  for  this 
fact  lies  in  the  different  leverage  which  the  magnetic 
fields  have  upon  the  needle  in  different  positions.     Con- 
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aider  firet  the  case  in  which  the  needle  lies  in  its  normal 
North  and  South  position.  The  field  due  to  the  earth 
holds  the  needle  in  this  position  by  a  pull  in  the  direction 
of  its  length.  If,  now,  a  small  current  be  caused  to  flow 
through  tihe  coil,  the  field  due  to  it  acts  directly  at  right 
angles  to  the  needle.  The  cun-ent's  field  is  now  in  the 
stronger  position.  As  the  needle  deflects  still  further,  the 
leverage  of  the  earth*s  field  is  increased  and  that  of  the 
current's  reduced  until,  when  45°  is  reached,  both  forces 
are  pulling  at  the  same  angle  to  the  needle.  This  is,  of 
course,  the  case  where  the  two  fields  are  equal.  As  the 
deflection  increases  beyond  45°  the  earth  gets  continuously 
more  and  more  leverage,  and  current  less  and  less. 
Obviously,  therefore,  the  increase  in  the  value  of  the  cur- 
rent's field  required  to  produce  a  given  increment  of  deflec- 
tion rises  from  a  minimum  at  0°  to  a  maximum  at  90°. 
The  position  90°  cannot,  however,  be  reached  since  the 
extreme  tendency  of  the  current's  field  is  to  place  the 
needle  East  and  West.  This  is  opposed  by  the  pull  of  the 
earth's  field  at  right  angles,  and  a  position  is  therefore 
taken  up  which  is  less  than  90°,  although  it  is  probable 
that  the  difference  between  the  actual  deflection  and  90° 
cannot  easily  be  perceived. 

Attention  has  previously  been  drawn  to  the  fact  that 
magnetic  fields  cannot  cross  one  another.  The  addition 
of  a  second  magnetic  field  whose  normal  direction  is  at 
right  angles  to  that  of  the  first  has  the  effect  of  altering  the 
direction  of  both.  The  direction  of  the  combined  or  new 
field  is  dependent  upon  their  relative  values.  If  they  are 
equal,  the  direction  is  45°  from  the  position  of  either  of 
them  when  considered  alone.  It  is  along  this  direction  of 
the  modified  field  that  the  compass  needle  sets  itself.  A 
very  little  consideration  will  show  that  these  statements  are 
in  entire  harmony  with  those  previously  made  in  regard  to 
the  position  which  a  freely  suspended  compass  needle  will 
take  up,  when  subjected  to  the  action  of  two  magnetic 
fields,  whose  normal  directions  are  at  right  angles  to  each 
other. 

The  value  of  the  current  in  a  wire  is  strictly  proportional 
to  the  magnetic  field  produced,  and  when  this  field  is 
arranged  to  act  at  right  angles  to  a  constant  magnetic  field, 
its  value  at  any  particular  point  is  proportional  to  the 
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tangent  of  the  angle  of  deflection.     The  current  is  therefore 
proportional  to  the  tangent  of  the  angle  of  deflection. 

The  tangent  law  is  subject  to  certain  definite  conditions, 
and  unless  these  are  carefully  observ-ed,  serious  errors  are 
brought  in.  If  the  magnetic  needle  were  infinitely  small, 
an  utterly  impossible  condition,  the  shape  of  the  conductor 
might  take  any  form  one  cared  to  choose.  The  infinitely 
small  needle  would  indicate  the  direction  of  the  resultant 
magnetic  field  at  the  point  at  which  it  was  placed.  If  a 
long  compass  needle  is  employed  it  is  obvious  that  the 
values  of  the  magnetic  fields  are  not  always  compared  at 
the  same  point.  The  position  of  the  needle  with  respect 
to  the  conductor  or  coil  of  wire  varies  with  each  different 
deflection  produced.  The  needle  moves  in  fact  further 
and  further  away  from  the  conductor,  as  the  deflection  is 
increased. 

Tangent  Galvanometer. 

A  tangent  galvanometer  consists  essentially  of  a  cir- 
cular coil  of  wire,  the  diameter  of  which  is  large  in 
comparison  with  the  length  of  the  magnetic  needle 
suspended  or  pivoted  at  its  centre.  There  are  two  correc- 
tions which  have  to  be  applied  if  absolute  accuracy  is 
desired.  The  first  one  may  he  entirely  eliminated  by 
making  the  jclepth  of  the  windings  bear  to  their  width  the 
ratio  of  ,^3  :  J2.  The  second  correction  cannot  be  so 
readily  eliminated.  It  depends  upon  three  factors,  viz. 
the  mean  radius  of  the  coil,  the  length  of  the  needle, 
and  the  angle  of  deflection.  The  error  is  reduced  to  a 
small  value  by  making  the  length  of  the  needle  one-tenth 
of  the  diameter  of  the  coil.  When  the  angle  of  deflection 
is  2G°  34'  the  correction  vanishes,  at  45°  it  amounts  to  nearlj^ 
1%  and  rises  to  a  maximum  of  3%  at  or  very  near  90°. 
The  correction  can  be  reduced  to  the  order  of  yj^  of  1% 
by  adopting  the  form  of  galvanometer  devized  by  Helmholtz 
(Fig.  22).  Two  equal  and  parallel  coils  are  employed  with 
the  needle  lying  midway  between  the  two  coils  in  the  line 
joining  their  centres.  The  distance  from  the  centre  of 
either  coil  to  the  needle  is  made  equal  to  half  the  radius  of 
either  coil. 

It  has  already  been  shown  that  the  current  through  a 
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tangent  galvanometer  is  directly  proportional  to  the 
tangent  of  the  angle  of  deflection.  In  using  a  galvano- 
meter, the  scale  of  which  is  divided  into  degrees,  constant 
reference  to  a  table  of  tangents  is  necessary.  This  may  be 
entirely  avoided  by  dividing  the  scale  into  divisions  pro- 
portional to  the  tangents  of  the  angles  of  deflection.  When 
this  is  done  the  value  of  any  current  is  directly  proportional 
to  the  number  of  divi- 
sions indicated  by  the 
needle  or  pointer.  The 
construction  of  such  a 
scale  is  a  matter  of  the 
simplest  description.  A 
line  is  drawn  at  right 
angles  to  the  line  join- 
ing the  zero  of  the  scale 
and  its  centre.  Upon 
this  line  on  either  side 
of  zero  a  number  of 
divisions,  equal  in 
length,  are  marked 
off.  Straight  lines  are 
drawn  connecting  the 
divisions  and  the  centre 
of  the  circle  (Fig.  23). 
The  numbers  opposite 
the  divisions  upon  the 
circle  are  then  proportional  to  the  tangents  of  the  angles 
of  deflection. 


Fig.  22.— Heluikoltz  or  Gat  gain  galvanometer. 


Tangent  of  an  Angle. 

In  order  to  ascertain  the  value  of  the  tangent  of  any 
particidar  angle,  that  angle  should  be  marked  off  from 
A  0  along  the  quarter  circle  0  C  (Fig.  23).  A  line  is  then 
drawn  connecting  A  and  0  B  through  the  point  upon  the 
quarter-circle.  The  tangent  of  the  angle  is  equal  to  the 
length  from  0  to  the  point  of  intersection  along  0  C, 
divided  by  the  length  of  the  radius  of  the  circle.  This 
number  has  only  one  value  for  any  given  angle,  but  it 
will  be  obvious  that  the  larger  the  circle  the  greater  is  the 
accuracy  with  which  the  measurements  may  be  obtained. 
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In  Fig.  23  the  radius  of  the  circle  is  one  inch,  and  the 
divisions  are  one-eighths  of  an  inch,  therefore  the  tangent  of 
any  angle  drawn  from  A  0  is  equal  to  the  lengtli  in  inches 
of  the  line  from  0  to  the  point  of  intersection.  The  tangent 
of  0°  is  0,  since  the  length  along  0  B  for  angle  of  0°  is  0.  The 
tangent  of  45°  is  seen  to  be  eight  one-eighths  of  one  inch,  i.e. 
one  inch.  Its  tangent  is  therefore  1.  In  the  case  of  30°  it  will 
be  seen  that  the  intersection  occurs  just  after  |-inch,  and 
making  a  guess  at  the  point  one  would  say  it  w^as  about 
half-way  between  ^  and  |,  i,  e,  ^  +  ^V  =  iViiich.  Accord- 
ing to  this  guess  its  tangent  is  then  -^  or  '56  approximately. 

Its  actual  value  is  — /-  or  '57735.    The  tangent  of  60°  is  by 


FiQ.  28.— DiviKion  or  palvnnoinoter  scale  into  tangoiit  diviBioiis,  and  illnstniiing 
the  values  of  tan  0%  tan  80%  tan  45%  tan  (JO*. 

tlie  same  rough  and  ready  process  found  to  be  V  or  1 '75. 
Its  actual  value  is  JS  or  173205.  It  will  be  noticed  that 
tan  60°  is  exactly  three  times  as  large  as  tan  30°,  and  this 
fact  may  readily  be  verified  by  using  a  pair  of  dividers 
upon  Fig.  23.  From  0  to  14  is  exactly  three  times  the 
distance  from  0  to  the  point  marked  30°.  The  tang:ent 
of  90°  is  infinity  since  the  lines  AG  and  OB,  being 
parallel,  never  meet.  A  0  is  of  finite  length  and  0  B 
infinite. 

Having  made  clear  the  actual  values  of  the  tangents  of 
the  various  angles  it  is  an  easy  matter  to  show  the  relative 
values  of  the  divisions.  For  the  purpose  of  simplifying  the 
previous  calculations  the  divisions  bore  a  simple  and  direct 
relation  to  the  radius  of  the  circle.  This  is  by  no  means 
essential.     The  length  of  a  division  upon  the  line  0  B  may 
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be  of  any  chosen  value  so  long  as  all  the  divisions  are  of 
the  same  length. 

The  tangents  of  the  angles  of  deflection  are  in  each  case 
the  particular  length  marked  off  along  0  B,  divided  by  the 
radius  of  the  circle.  The  radius  of  the  circle  is  the  same 
in  each  case,  therefore  the  tangents  of  the  angles  of  deflec- 
tion are  directly  proportional  to  the  lengths  marked  off 
from  0  along  OB.  These  lengths  are,  however,  divided 
into  equal  divisions,  consequently  the  divisions  marked  off 
along  0  B  are  proportional  to  the  tangents  of  the  angles, 
and  the  current  producing  any  deflection  is  therefore 
directly  proportional  to  the  number  of  divisions  on  the 
circle  indicated  by  the  needle  or  pointer. 

Absolute  Galvanometer. 

Knowing  the  dimensions  of  a  tangent  galvanometer  and 
the  value  of  the  horizontal  component  of  the  earth's 
magnetic  field  the  value  of  a  current  producing  any  par- 
ticular deflection  can  be  calculated.  The  determination  of 
the  earth's  field  is  readily  accomplished  by  observation  of 
the  time  of  oscillation  of  a  freely  suspended  bar-magnet, 
and  by  ascertaining  the  angle  through  which  a  compass 
needle  is  deflected  by  it  at  some  particular  distance.  The 
dimensions  and  weight  of  the  magnet  also  enter  into  the 
calculation,  but  each  of  these  quantities  is  expressed  in 
the  fundamental  units  of  length,  mass,  and  time.  Since 
there  is  no  comparison  with  an  existing  standard  magnetic 
field,  such  a  determination  is  termed  an  '* absolute"  one. 
As  stated  above,  the  value  of  a  current  through  a  carefully 
designed  tangent  galvanometer  can  be  calculated  from  the 
deflection,  value  of  the  earth's  field  and  the  dimensions  of 
the  coil.  The  experiment  would  be  termed  an  "  absolute  " 
determination,  since  the  value  of  the  current  is  ascertained 
without  reference  to  existing  standards  of  current. 

It  has  also  been  pointed  out  that  the  simple  tangent  law 
does  not  hold  under  certain  circumstances,  and  all  these 
corrections  have  to  be  most  carefully  allowed  for.  Needless 
to  say,  a  controlling  magnet  is  not  used  upon  galvanometers 
designed  for  absolute  measurements.  An  absolute  galvano- 
meter may  be  therefore  defined  as  one  in  which  all  the 
dimensions  are  known  with  the  utmost  accuracy.  It  is 
frequently  of  the  tangent  type. 
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P.O.  Tangent  Galvanometer. 


The  general  appearance  of  the  Post  Office  pattern  of 
tangent  galvanometer  is  illustrated  in  Fig.  24.  The  base, 
frame,  and  needle  box  are  all  made  of  brass  which 
is  wellilacquered.     The  controlling  magnet  and  its  stalk 


Fio.  24.— P.O.  T.iiigent  galvanometer. 

are  shown  by  the  side  of  the  instrument.  The  part  of  the 
stalk  shown  up(Mi  the  left  side  of  the  flange  fits  into  the 
liolder  at  the  top  of  the  ring,  and  is  clamped  by  the  thumb- 
screw. Raising  or  lowering  the  magnet  upon  its  stalk  may 
therefore  be  accomplished  witliout  fear  of  an  accidental 
twist.     The  windings  are  iJ  inch  broad,  1  inch  deep,  and 
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have  a  mean  diameter  of  Bjf  inches  (diameter  of  inmost 
layer  5xJ  inches,  and  of  outer  layer  7|4  inches).  A  set  of 
shunts  is  fixed  upon  the  base,  together  with  the  terminals 
and  the  short-circuiting  key. 

The  magnetic  needle,  provided  with  a  cap  of  agate  in 
the  centre,  is  f  inch  in  length,  and  is  pivoted  upon  an 
upstanding  steel  point  in  the  centre  of  the  brass  box.  To 
the  needle,  at  right  angles,  is  secured  a  light  aluminium 
pointer,  of  sufficient  length  (5  inches)  to  reach  over  the 


i^i^.  tl5.— Sk^j^  scolo. 

marked  scale.  If  the  pointer  were  in  a  straight  line  with 
the  needle  much  of  the  scale  would  fall  beneath  the  shadow 
'  of  the  coil,  and  would  therefore  be  quite  unreadable.  A 
piece  of  looking-glass  is  fixed  close  to  the  scale  in  order 
that  the  deflections  may  be  accurately  read.  Since  the 
pointer  is  necessarily  raised  above  the  scale,  a  particular  de- 
flection could  be  read  as  several  different  values  dependent 
upon  the  position  of  the  eye.  This  parallax  error,  as  it  is 
termed,  is  entirely  obviated  by  the  mirror.  When  the 
pointer  and  its  image  in  the  mirror  coincide  the  eye  is 
directly  above   the   needle.     The  pointer  is  composed  of 
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aluminium  because  that  metal  possesses  the  twofold  advan- 
tage of  being  light  and  non-magnetic, 

A  tangent  galvanometer  is  not  required  for  ascertaining 
the  direction  of  a  current,  since  a  far  simpler  instrument 
serves  this  purpose  equally  well.  By  twisting  the  coil  of 
the  galvanometer  through  an  angle  of  60°,  a  very  greatly 
extended  range  is  obtained.  The  lower  half  of  the  scale 
(Fig.  25)  is  marked  in  degrees,  whilst  the  top  side  of  the 
upper  half  is  marked  in  divisions  representing  equal 
currents.  The  scale  is  prepared  upon  both  sides  of  the 
ordinary  zero  in  the  same  manner  as  in  the  case  of  the 
ordinary  patterns.     It  will  be  noted  that  the  divisions  are 


Fig.  26.— Conncctious  of  P.O.  tangent  galvanometer. 


largest  and  most  open  at  the  centre  of  the  scale.  This 
means  that  deflections  near  to  100  can  be  read  with  very 
great  accuracy.  As  a  matter  of  fact  the  most  accurate 
reading  is  obtained  at  110  divisions.  For  deflections  of 
less  than  30°  from  the  skew  zero  the  skew  scale  has  no 
advantage  over  the  ordinary  pattern,  but  for  deflections 
larger  than  this  the  skew  scale  is  distinctly  beneficial. 
The  divisions  marked  upon  the  bottom  side  of  the  upper 
half  of  the  scale  are  used  in  connection  with  the  battery 
testing  instrument  {q.  v.). 
The  connections  of  the  instriiment  are  shown  in  Fig.  26. 
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A  current  entering  at  4-circle  passes  through  one  coil  of  the 
galvanometer  to  2-circle,  which  is  usually  connected  by  a 
brass  strap  to  3  and  through  the  second  coil  to  terminal  1. 
The  depression  of  the  key  connects  a  short  length  of 
copper  wire  across  the  2-circle  4-circle  coil,  or  in  other 
words  "  short-circuits "  it.  Each  coil  consists  of  700 
turns  of  silk-covered  wire  having  a  resistance  of  IGO",  i.  e. 
1400  turns  and  320*  with  the  coils  in  series.  The  values 
of  the  shunts  and  their  resistances  are  set  forth  on  page  115. 


Differential  Winding. 

It  will  be  noticed  that  there  are  two  coils  wound  upon 
the  P.O.  tangent  galvanometer,  the  4-circle  2-circle 
coil  being  one,  and  the  3-1  coil  the  other.  These  two  coils 
are  equal  in  resistance,  length,  and  position  with  respect 
to  the  needle.  A  current  of  any  particular  value  would 
therefore  produce  tlie  same  deflection  in  traversing  the 
4-circle  2-circle  coil  as  in  traversing  the  3-1  coil.  When 
the  current  traverses  both  coils  in  the  direction  4-circle  to 
1  the  effect  upon  the  needle  is  doubled.  If,  however,  the 
terminals  4-circle  and  1  are  connected  together  and  the 
positive  pole  of  a  battery  is  connected  to  them  whilst  its 
negative  pole  is  connected  to  3  and  2-circle  connected  to- 
gether, no  deflection  will  be  produced.  The  current  in 
each  coil  will  have  the  same  value  since  their  resistances 
are  equal.  The  current  flowing  from  4-circle  to  2-circle 
will,  however,  tend  to  generate  a  magnetic  field  opposite 
in  direction  to  that  which  the  current  flowing  from  3  to  1 
tends  to  produce.  Since  each  coil  has  the  same  current 
flowing  and  its  length  and  distance  from  the  needle  is  the 
same,  no  effect  upon  the  needle  can  be  produced.  It  is 
quite  impossible  for  two  magnetic  fields  of  opposite  direc- 
tion to  simultaneously  exist  in  one  place,  hence  no  magnetic 
field  whatever  is  generated  by  the  arrangement  described. 
Any  type  of  galvanometer  may  be  differentially  wound, 
and  therefore  a  differential  galvanometer  may  be  defined 
as  a  galvanometer  having  two  windings  of  equal  resistance 
and  equal  but  opposite  effect  upon  the  magnetic  needle, 
when  the  same  value  of  current  circulates  in  each  coil  in 
contrary  directions. 
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Controlling  Magnet. 

The  object  of  the  controlling  magnet  is  to  vary  the 
sensitiveness  of  the  instrument.  The  value  of  any  current 
indicated  by  the  galvanometer  depends  directly  upon  the 
value  of  the  horizontal  component  of  the  earth's  magnetic 
field.  If  this  value  is  large  then  a  correspondingly  large 
current  is  required  to  produce  a  given  deflection.  If  the 
controlling  magnet  is  placed  with  its  North  pole  facing  the 
North  pole  of  the  needle  the  value  of  the  earth's  field  is 
reduced,  whilst  if  it  has  its  South  pole  opposite  the  North 
pole  of  the  needle  the  value  of  the  earth's  field  is  corre- 
spondingly increased.  It  will  be  obvious  that  the  sensitive- 
ness of  the  insti-ument  is  reduced  if  the  controlling  magnet 
is  so  placed  as  to  attract  the  needle  backwards,  from  the 
deflection  produced,  towards  zero.  If,  on  the  other  hand, 
there  is  repulsion,  then  the  sensitiveness  is  increased. 
The  extent  to  which  the  sensitiveness  is  increased  or 
reduced  is  dependent  upon  the  proximity  of  the  controlling 
magnet  to  the  needle.  The  nearer  they  approach  the  greater 
is  the  effect  produced. 

The  controlling  magnet  should  always  be  placed  parallel 
to  the  needle,  i.  e.  it  should  lie  in  the  magnetic  meridian. 
Unless  this  condition  is  observed  the  needle  of  the  galvan- 
ometer maj^  not  point  to  the  zero  of  the  scale.  In  practice 
the  controlling  magnet  is  invariably  used  to  increase  the 
sensitiveness  of  the  galvanometer ;  its  North  pole  therefore 
facing  the  magnetic  North. 

Number  of  Convolutions. 

The  sensitiveness  of  a  tangent  galvanometer  is  directly 
proportional  to  the  number  of  turns  of  wire  and  inversely  as 
the  value  of  the  earth's  field  and  as  the  radius  of  the  coil. 
Since  the  needle  is  one-tenth  the  diameter  of  the  coil  the 
diameter  of  the  coil  cannot  be  unduly  reduced.  The  value 
of  the  earth's  field  may  be  regarded  as  constant  at  any 
one  place,  and  the  controlling  magnet  is  employed  for 
comparatively  small  adjustments.  There  still  remains  to 
be  conHidercd  the  number  of  turns  or  convolutions  of 
wire.  This  may  be  made  very  large  indeed,  and  an 
extremely  small  current  may  in  this  way  be  made  to 
provide  a  comparatively  strong  magnetic  field. 
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The  magnetic  field  produced  by  a  coil  of  wire  is  pro- 
portional to  the  current  flowing  in  that  coil  multiplied  by 
the  number  of  turns  of  wire.  Therefore  one  ampere 
flowing  in  one  turn  of  wire  will  produce  the  same  field 
as  one  milli-ampere  flowing  through  1000  turns  of  the 
same  diameter.  This  fact  wiU  readily  be  accounted  for 
when  it  is  remembered  that  one  turn  of  wire  conveying  a 
particular  current  produces  a  certain  magnetic  field  at  its 
centre.  The  addition  of  a  second  turn  obviously  adds  its 
magnetic  field,  and  a  third  ditto.  This  amounts  to  the 
fact  previously  stated.  The  general  arrangement  of  field 
in  such  a  case  is  shown  in  Fig.  27. 

In  order  to  obtain  a  large  number  of  turns  of  wire  as 
near  to  the  needle  as  possible,  the  wire  *  should  be  fine. 


Fio.  27.— Illustrates  magnetic  field  duo  to  a  coil  of  wire  carrying  a  current. 

This  means  a  considerable  amount  of  resistance,  and  thus 
it  is  that  the  t^rm  "high  resistance  galvanometer"  has 
come  to  be  synonymous  with*  *  highly  sensitive  galvan- 
ometer." It  is  interesting  to  note  that  if  a  particular 
instrument  is  re-wound  with  wire  of  different  gauge,  its 
sensitiveness  is  directly  proportional  to  the  square  root  of 
its  resistance  (see  p.  77).  For  instance,  if  two  galvano- 
meters of  equal  dimensions  each  give  100  divisions  deflec- 
tion, and  their  resistances  are  respectively  900"  and  9",  the 
currents  indicated  in  the  two  cases  will  be  as  v9  :  \/96(), 
i.  e.  as  3  is  to  30,  or  as  1  :  10.  The  9"  galvanometer's  100 
divisions  therefore  represent  ten  times  as  much  current  as 
the  900**  galvanometer  giving  the  same  deflection. 

Horizontal  Galvanometer. 
The  most  sensitive  form  of  galvanometer  in  common  use 
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in  the  Post  Office  is  kaown  as  the  horizontal  galvanometer 
(Fig.  28).  It  is  used  in  connection  with  the  Wheatstone 
Bridge,  and  has  the  merit  of  portability.  It  is  not,  how- 
ever, as  sensitive  as  even  the  most  primitive  of  reflecting 
galvanometers. 

It  consists  of  a  coil  of  wire  with  a  comparatively  long 
magnetic  needle  pivoted  at  its  centre.  The  pointer  is  fixed 
at  right  angles  to  the  needle,  and  a  corresponding  counter- 
poise provided  upon  the  opposite  side  6f  the  needle.  The 
whole  of  the  moving  parts  can  be  raised  and  clamped  at 
will  by  moving  the  projection  outside  the  brass  case,  thus 
avoiding  damage  during  the  removal  of  the  instrument 
from  place  to  place.  As  in  the  case  of  the  tangent  galvano- 
meter, a  mirror  ir 
employed  to  obviate 
parallax  error. 

The  galvanometer 
should  not  be  used 
for  direct  measure- 
ments of  the  value 
of  a  current,  as  the 
degrees  are  not  pro- 
portional to  the  cur- 
rent. The  relation 
would  be  a  very 
„   .       ,    ,  ~  complex     one     and 

Fio.  28.— Horizontal  tfalvanometer  u«efl  in  con-  i  j    j  i 

junction  with  tho  Wheatstone  bridge.  WOUlQ   aepenCl   Upon 

the  moment  of  the 
needle,  a  somewliat  uncertain  and  variable  quantity.  This 
could  be  met  by  calibration  if  urgently  required,  but, 
generally  speaking,  it  should  only  be  used  for  indicating 
the  presence  of  a  current. 

Reflecting  Galvanometers. 

Galvanometers  may  be  divided  into  two  distinct  classes, 
viz.  reflecting  galvanometers  and  pointer  galvanometers. 
To  the  latter  class  belong  all  the  galvanometers  in  use  for 
purely  telegraphic  purposes.  The  former  class  comprises 
all  galvanometers  in  which  a  mirror  is  affixed  to  the  system 
of  needles  for  indicating  the  deflection. 

The  original  galvanometer  of  the  reflecting  ty|>e  was 
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designed  by  Lord  Kelvin,  formerly  Sir  William  Thomson, 
and  conBists  of  a  circular  coil  of  wire,  in  the  centre  of 
which  is  fixed  a  removable  copper  tube  carrying  a  small 
circular  mirror  suspended  from  its  centre  by  an  extremely 
short  length  of  silk.  Upon  the  back  of  the  mirror  two  or 
three  short  pieces  of  magnetized  steel  are  fastened.  The 
coil  is  placed  in  the  magnetic  meridian,  and  opposite  it  a 
lamp  and  scale  for  observing  the  deflection. 

A  beam  of  light  is  directed  by  a  lens  on  to  the  mirror, 
which  in  its  normal  position  reflects  a  circular  beam  of 
light  on  to  the  scale.  When  the  mirror  is  deflected  by  the 
smallest  amount  the  spot  of  light  moves  along  the  scale. 
This  is  roughly  illustrated  in  Fig.  29,  where  it  will   be 


Fio.  29.— Princlplo  of  rcflocting  galvanometer. 


observed  that  an  almost  imperceptible  deflection  of  the 
mirror  has  produced  a  large  alteration  in  the  position  of 
the  spot  of  light  upon  the  scale.  The  beam  of  light  is 
practically  a  pointer  of  indefinite  length,  and  by  increasing 
the  distance  from  the  mirror  to  the  scale,  the  sensitiveness 
of  the  arrangement  may  be  greatly  enhanced.  The  usual 
distance  employed  is  a  metre,  i.  c.  rather  more  than  a  yard. 
If  the  scale  divisions  are  equal,  the  conditions  shown  in 
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Fig.  23  are  fulfilled,  and  the  current  may  therefore  be 
assumed  to  be  proportional  to  the  number  of  divisions 
passed  over  by  the  spot  of  light.  If  the  angular  deflection 
is  extremely  small  the  tangent  law  may  be  assumed  to 
apply,  since  the  corrections  necessary  when  the  dimensions 
widely  differ  from  those  laid  down  for  an  ordinary  tangent 
galvanometer  are  extremely  minute. 

Since  the  angle  at  which  the  light  strikes  the  mirror 
is  equal  to  the  angle  at  which  it  is  reflected,  the  value  of 
the  deflection  is  doubled.  In  order  to  reflect  the  light  of, 
say,  a  candle  upon  the  ceiling,  a  mirror  would  have  to  be 
held  at  an  angle  of  45°  to  both  the  ceiling  and  the  line 
joining  the  candle  and  mirror.  Therefore  it  will  be  obvious 
that  a  deflection  of  45°  of  the  mirror  would  reflect  a  beam 
of  light  at  90°,  or,  as  previously  stated,  twice  the  angle 
of  deflection  of  the  mirror.  This  fact  introduces  a  very 
small  correction  which,  for  most  practical  purposes,  is 
ignored.  The  actual  error  which  is  made  is  the  assump- 
tion that  half  the  tangent  of  the  angle  between  the  beam, 
of  light  and  its  reflection  is  equal  to  the  tangent  of  half 
the  angle  of  deflection.  In  an  absolute  calculation  the 
error  amounts  to  rather  less  than  \%  for  a  3°  deflection 
of  the  mirror.  In  a  comparative  test  the  error  would  be 
far  less. 

Damping. 

In  the  earlier  forms  of  reflecting  galvanometer  the  time 
taken  for  the  needle  to  come  to  rest  after  being  deflected 
was  considerable,  so  that,  in  any  given  time,  a  compara- 
tively small  number  of  measurements  could  be  made. 
This  defect  has  been  remedied  in  the  more  modern  forms 
of  instrument  by  various  devices.  The  copper  tube  men- 
tioned in  the  description  of  the  original  galvanometer  was 
provided  for  the  purpose  of  damping  these  vibrations,  but 
it  was  only  partially  successful.  The  principle  upon  which 
it  depends  is  that  when  a  conductor  moves  across  a  mag- 
netic field  or  when  a  magnetic  field  moves  across  a  con- 
ductor an  E.M.F.  is  generated.  If  the  conductor  be  a 
complete  circuit  a  current  is  generated,  and  this  current 
produces  a  magnetic  field  in  such  a  direction  as  po  oppose 
the  motion  to  which  it  owes  its  origin.  The  value  of  the 
induced  E.M.F.  and  consequently  of  the  current  produced 
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depends  upon  the  rapidity  of  the  motion,  therefore  the 
more  rapid  the  motion  the  greater  is  the  retarding  tend- 
ency or  opposition  (termed  damping)  to  that  motion.  With 
reflecting  galvanometers,  the  magnetic  needles  upon  the 
back  of  the  mirror  carry  with  them  a  small  magnetic  field 
which  is  united  with  that  of  the  earth.  When  the  needle 
is  deflected,  its  magnetic  field  cuts  through  the  copper  tube, 
and  eddy  currents,  which  oppose  the  rapid  motion  of  the 
mirror,  are  generated  in  the  tube. 


Fig.  30.— Lamp  and  scale  for  uao  with  reflecting  galvanometers. 

The  opposition  offered  by  the  air  contained  in  the 
restricted  space  of  the  copper  tube  to  the  rapid  motion  of 
the  mirror  through  it  also  adds  its  damping  effect.  In 
certain  forms  of  galvanometer  the  mirror  has  even  been 
placed  in  oil. 

A  galvanometer  in  which  the  damping  is  very  great  is 
termed  ''dead-heat.'' 

A  lamp  and  scale  is  illustrated  in  Fig.  30.     It  may  be 
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remarked  that  the  circular  spot  of  light  thrown  upon  the 
scale  is  crossed  by  a  fine  vertical  line.  This  vertical  line 
is  produced  by  a  vertical  scratch,  or  a  fine  wire  upon  the 
lens.  Its  object  is  to  render  the  reading  of  the  deflection 
easier  and  consequently  more  accurate.  The  dark  line 
down  the  centre  of  the  spot  of  light  is  adjusted  by  means 
of  the  controlling  magnet  to  fall  upon  the  zero  of  the  scale 
and  the  value  of  any  deflection  is  read  as  the  number  of 


Fio.  81.— Simple  form  of  Kelvin 
galvanometer. 


l'^«.  32.— A  higli-grade  Kelvin  galvanometer. 


the  division  upon  which  the  line  falls.  In  some  cases  a 
thin  vertical  slit  of  light  is  used  instead  of  a  circular  beam, 
but  this  is  considered  scarcely  so  satisfactory  as  the  round 
spot.  It  may  also  be  remarked  that  the  flame  of  the  lamp 
should  present  its  edge  to  the  lens  and  not  its  breadth. 

Types  of  Kelvin  Galvanometer. 

A  very  useful,  cheap,  and  easily-constructed  tyi^e  of 
Kelvin  galvanometer  (Fig.  31)  is  shown  side  by  side  with 
one  of  its  most  highly-developed  forms  (Fig.  32).     The 
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former  consists  of  two  coils  of  wire  wound  upon  two  circular 
bobbins  placed  parallel  but  with  a  small  intervening  space. 
The  mirror  is  carried  upon  a  broad  mica  vane  to  which  are 
also  attached  three  magnets,  one  in  the  centre  and  the  other 
two  respectively  above  and  below  the  outer  windings  of 
the  coil.  This  produces  an  astatic  combination,  so  making 
tlie  instrument  more  sensitive.  The  mica  vane  is  for  the 
purpose  of  rendering  the  instrument  dead-beat.  Its  surface 
in  turning  is  comparatively  large,  and  the  air  offers  con- 
siderable resistance  to  its  sudden  motion  through  it.  This 
damping  device  is  a  very  satisfactory  one.  The  controlling 
magnet  consists  of  a  bar  magnet  laid  upon  the  table  at  a 
suitable  distance  from  it. 

The  other  is  a  four-coil  differential  astatic  galvanometer. 


Fio.  88.— Aatatic  pair  of  noodles. 

The  six  needles  are  all  mechanically  connected  to  a  wire 
which  is  in  turn  suspended  by  a  silk  fibre.  The  arrange- 
ment carries  a  series  of  mica  vanes  for  producing  damping. 
The  final  adjustment  for  differential  use  is  made  by  a  small 
auxiliary  sliding  coil,  which  can  be  moved  nearer  or  further 
from  one  of  the  needles.  In  order  to  facilitate  the  adjust- 
ment of  the  time  of  swing  of  the  needle,  the  instrument 
is  provided  with  "  scissors "  magnet  control. 

Abtatio  Needles  and  Systems. 

An  astatic  combination  of  needles  may  be  employed  in 
many  types  of  galvanometer  for  the  purpose  of  increasing 
the  sensitiveness.  In  its  simplest  form  it  consists  of  two 
needles  of  equal  length  and  equal  pole  strength,  but  with 
opposite  poles  facing  each  other,  rigidly  connected  together 


100  TELEGRAPHY 

(Fig.  33).  One  needle  swings  in  the  centre  of  the  galvano- 
meter coil,  whilst  the  other  lies  just  above  it.  If  the  two 
needles  are  perfectly  parallel,  exactly  equal  in  length,  and 
exactly  equal  in  pole  strength,  then  the  earth  possesses 
absolutely  no  directive  effect  upon  the  combination  of 
needles.  In  practice  it  is  not  possible  to  accurately  secure 
the  observance  of  all  these  conditions,  but  the  effect  of  the 
earth's  field  can  be  reduced  to  an  extremely  small  value. 
The  field  due  to  the  current,  on  the  other  hand,  produces 
its  full  effect  upon  the  needle  in  the  centre  of  the  coil,  and 
a  lesser  but  by  no  means  inconsiderable  effect  upon  the 
needle  above  the  coil.  The  direction  of  the  field  above  the 
coil  is  opposite  to  that  inside  the  coil,  but  since  the  polarity 
of  the  upper  needle  is  opposite,  both  needles  are  urged  in 
the  same  direction  when  a  current  floWs  through  the  coils 
of  the  instrument.  It  will  therefore  be  obvious  that  the 
arrangement  greatly  increases  the  sensitiveness  of  the 
galvanometer. 

The  number  of  needles  forming  a  combination  may,  and 
often  does,  exceed  two.  The  qualification  for  an  arrange- 
ment to  be  considered  astatic  is  that  the  directive  effect  of 
the  earth's  field  shall  have  been  reduced  to  a  minimum. 
Most  reflecting  galvanometers  of  the  Kelvin  type  are  fitted 
with  an  astatic  combination  of  needles,  usually  three  for 
each  coil,  i.  c.  one  in  the  centre,  one  above  the  windings, 
and  one  below.  Such  a  combination  is  very  clearly  shown 
in  the  case  of  the  ballistic  galvanometer  illustrated  in 
Fig.  35.  In  the  case  of  the  Kelvin  type  of  galvanometer 
shown  in  Fig.  32  there  are  two  coils  with  six  needles. 

The  controlling  magnet  may  be  used  to  reduce  the 
value  of  the  earth's  field  still  further,  and  so  improve, 
the  sensitiveness  of  the  instrument. 

D'Arsonval  Galvanometer. 

The  D'Arsonval  galvanometer  (Fig.  34)  consists  essenti- 
ally of  a  coil  of  insulated  copper  wire  wound  upon  a  light 
copper  frame  with  a  mirror  attached,  suspended  in  an 
intense  magnetic  field  by  means  of  two  thin  conductors. 
The  current  is  conducted  through  the  coil  by  these  fine 
suspension  wires,  which  also  serve  to  hold  the  coil  in 
position.     The  direction  of  the  magnetic  field  generated  by 
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the  (Current  is  at  right  angles  to  the  plane  of  the  coil,  and  the 
tendency  is  therefore  for  the  coil  to  turn  into  such  a  position 
that  its  lines  of  force  are  in  the  same  direction  as  the 
permanent  magnetic  field.  This  tendency  is  opposed  by 
the  torsion  of  the  suspending  wires,  and  the  coil  therefore 
takes  up  a  position  in  which  the  tendency  of  the  suspending 
wires  to  untwist  is  exactly  equal  and  opposite  to  the  tendency 
of  the  coil  to  still  further  deflect.  It  will  therefore  be 
obvious  that  the  angle  through  which  the  coil  turns  is 
dependent  upon  the  value  of  the  current.  The  current  may 
be  assumed  to  be  proportional  to  the  deflection  indicated 
upon  an  equally- 
divided  scale.  Where 
great  accuracy  is 
necessary,  it  is  ad- 
visable to  calibrate 
the  galvanometer,  al- 
though it  is  possible 
to  theoretically  arrive 
at  the  approximate 
value  of  the  necessary 
correction. 

The  intense  mag- 
netic field  is  pro- 
duced by  a  large 
compound  magnet  of 
the  horse-shoe  type, 
and  in  order  to  avoid 
the  reduction  in  its 
value  which  would 
take  place  if  only  the  coil  intervened  between  its  poles,  a 
large  piece  of  soft  iron  is  introduced.  This  piece  of  soft 
iron  is  supported  from  the  back  of  the  instrument  and  just 
leaves  space  for  the  coil  to  swing  between  it  and  the  magnet. 
The  resistance  of  the  magnetic  circuit  is  therefore  greatly 
reduced,  and  the  number  of  lines  of  force  (or  the  flux  as 
it  is  termed)  is  consequently  greatly  increased. 

The  light  spring  to  which  tho  hjwcr  suspension  wire  is 
attached  serves  to  hold  the  coil  in  a  central  position  and 
is  adjustable  by  means  of  the  screw  above  it.  The  top 
screw  is  chiefly  used  for  bringing  the  spot  of  light  to  zero 
by  removing  any  torsion  upon  the  suspeuri'^n. 


Fiu.  34. — D'Ar<K)nval  galvanometer. 
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The  only  point  which  now  calls  for  special  attention  is 
the  light  copper  frame  upon  which  the  coil  is  wound. 
This  little  device  gives  the  instrument  one  of  its  most 
conspicuous  advantages,  viz.  renders  it  dead-beat.  The 
movement  of  the  copper  through  the  intense  magnetic  field 
entails  the  induction  of  currents  in  the  mass  of  the  copper. 
These  currents  oppose  the  motion  to  which  they  owe  their 
origin,  and  since  their  value  depends  upon  the  rapidity  of 
the  motion  of  the  coil,  a  very  considerable  opposition  to 
sudden  motion  is  experienced. 

The  great  advantage  of  the  D'Arsonval  galvanometer 
over  all  others  lies  in  the  fact  that  it  is  not  affected  by 
external  magnetic  fields,  and  that  it  is  so  extremely  dead- 
beat.  It  is,  however,  not  quite  so  sensitive  as  some  of  the 
highest  types  of  Kelvin  galvanometer. 

A  special  type  of  D*Arsonval  galvanometer  was  formerly 
used  by  the  Post  Office  for  testing  air-space  cables.  Instead 
of  a  mirror  a  pointer  was  fixed  to  the  coil,  and  the  effect 
of  the  change  was  to  render  the  instrument  anything  but 
dead-beat.  Further,  the  suspension  was  somewhat  fragile, 
and  breakages  were  not  uncommon.  These  defects  led  to 
the  design  of  the  very  sensitive  horizontal  galvanometer 
now  employed  (vide  Chapter  XXII). 

It  has,  quite  recently,  been  decided  to  adopt  a  galvano- 
meter of  the  D'Arsonval  type  but  with  a  pivoted  coil  to 
replace  the  instrument  shown  in  Fig.  28. 

Ballistic  Galvanometer. 

The  ballistic  galvanometer  differs  from  other  types  of 
galvanometer  in  the  kind  of  needle  employed.  It  is  used 
for  measuring  the  quantities  of  electricity  discharged  by 
condensers  or  electromagnets,  and  not  usually  for  measuring 
currents.  It  might  therefore  be  more  correctly  termed  a 
coulomb-meter.  The  needles  are  heavy  and  cylindrical, 
the  object  being  to  secure  a  weighty  moving  part  and  at 
the  same  time  to  reduce  the  friction  caused  by  its  movement 
as  much  as  possible.  With  this  object  in  view,  the  sus- 
pending silk  is  often  made  of  considerable  length.  To  give 
a  correct  indication  it  is  essential  that  the  whole  of  the 
discharge  to  be  measured  shall  have  passed  through  the 
instrument  before   the  needle  begins   to  move   from   its 
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position  of  rest.  The  quantity  of  electricity  discharged 
through  it  is  then  proportional  to  the  value  of  the  swing 
produced.  The  period  of  time  taken  for  the  needle  to 
swing  from  side  to  side  is  made  as  large  as  possible,  and 
in  this  respect  it  is  diametrically  opposite  to  a  dead-beat 
galvanometer. 

One  coil  of  the  instrument  (Fig.  35)  has  been  swung 
open  upon  its  hinge  in  order  to  show  the  construction  of 
the  needles.  The  central  pair  of  needles  consists  of  two 
tubes  of  steel  with  spherical  extremities.     The  two  open 
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Fi(j.  36.— Ballbtic  galvanometer  with  the  coils  ox>ciied  to  show  the  needles. 

ends  of  the  tubes  are  brought  together  and  both  are  split 
at  each  side,  one  side  being  made  into  a  North  pole  and 
the  other  into  a  South ;  thus  the  arrangement  corresponds 
to  an  ordinary  magnetized  needle,  and  in  its  normal  position 
the  slits  are  in  a  straight  line  passing  through  the  centre 
of,  and  at  right  angles  to,  the  plane  of  the  coils.  The 
needles  at  tlie  top  and  at  the  bottom  are  similar  to  one  of 
the  needles  at  the  centre,  but  their  polarity  is  opposite  since 
they  are  outside  the  coils.  The  extra  needles  which  are 
mechanically  connected  together  increase  the  sensitiveness 
of  the  instnmient.  The  case  carrying  the  small  controlling 
magnet  is  shown  at  the  side  of  the  instrument.  The  large 
magnets  at  the  back  are  used  for  the  purpose  of  bringing 
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llie  needle  to  rest,  instead  of  waiting  until  the  vibration  of 
the  needle  has  died  out  after  taking  a  reading.  When  the 
two  magnets  are  placed  one  over  the  other,  their  effect 
\ipon  the  needle  is  nil,  since  they  have  opposite  poles  &cing 
each  other.  Adjustment  of  their  position  is  effected  by  the 
screws  in  connection  with  them. 

Figures  of  Merit. 

The  figure  of  merit  of  a  galvanometer  is  the  value  of  the 
current  required  to  produce  a  deflection  of  one  division  or 
one  degree  as  the  case  may  be.  The  smaller  the  figure  of 
merit,  the  smaller  is  the  minimum  value  of  the  current 
which  the  instniment  will  indicate.  Sometimes  the  figure 
of  merit  is  stated  as  the  reciprocal  of  the  current  required 
to  produce  unit  deflection,  but  this  is  not  the  practice  of 
the  Post  Office.  Yet  another  method  of  comparing  the 
constants  of  galvanometers  is  to  specify  the  value  of  the 
resistance  in  circuit  with  an  E.M.F.  of  one  volt  to  produce 
unit  deflection.  This  is  termed  the  "  resistance  constant," 
and  is  numerically  identical  with  the  value  obtained  for  the 
figure  of  merit  when  defined  as  the  reciprocal  of  the  current 
required  to  produce  unit  deflection. 

For  the  P.O.  tangent  galvanometer  the  figure  of  merit 
when  adjusted  to  standard  is  ^V  m.a.,  the  current  required 
to  produce  a  deflection  of  one  division.  In  the  case  of  a 
reflecting  galvanometer,  the  current  required  to  produce  a 
deflection  of  one  millimetre  from  the  scale  zero  when  the 
scale  is  one  metre  distant  from  the  mirror  is  usually  taken 
as  the  figure  of  merit. 

WJiere  the  deflections  of  an  instrument  do  not  bear  any 
simple  ratio  to  the  currents  producing  them,  the  deflection 
produced  and  the  current  required  are  stated.  For  instance, 
the  figure  of  merit  of  a  single-current  galvanometer  is 
9*3  m.a.,  to  give  a  deflection  to  the  stop-pin.  For  the  ordinary 
differential  galvanometer  it  is  20  m.a.  for  a  deflection  of 
40°  to  50°.  The  limits  provide  a  range  of  sensitiveness 
which  should  not  be  exceeded.  For  a  horizontal  galvano- 
meter the  figure  of  merit  is  *()J8  m.a.  for  2/)°. 

Definition  of  Sensitiveness. 
When    the   term   "sensitive"    is    used    in    respect    of 
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galvanometers  generally,  it  means  merely  that  the  increase 
in  the  current  required  to  perceptibly  raise  the  deflection 
is  small.  It  may  be  put  in  another  way.  Lnagine  that 
a  current  flowing  through  a  galvanometer  is  producing 
a  certain  deflection  and  then  imagine  that  the  value  of 
that  current  is  increased  or  reduced  by  an  extremely 
small  fraction  of  its  value.  The  galvanometer  which  would 
produce  the  largest  alteration  in  deflection  coiTesponding  to 
the  minute  fractional  change  of  current  value  would  be 
considered  the  more  sensitive.  This  is  the  accurate  meaning 
of  the  term,  but  it  is  frequently  employed  as  a  substitute  for 
"  small  figure  of  merit,"  or  large  resistance  constant. 

RESISTANCE  COILS. 

A  set  of  resistance  coils  or  a  resistance  box  is  perhaps 
one  of  the  most  useful  and  necessary  adjuncts  in  electrical 
testing.  These  boxes  contain  coils  of  wire  of  definite 
resistance,  which  can  be  thrown  into  circuit  or  cut  out  at 
will.  The  wire  forming  the  resistance  coil  is  wound  upon  a 
bobbin  in  a  special  manner — the  reason  for  which  will 
receive  consideration  later — and  is  well  insulated  with  one 
or  two  layers  of  silk  covering  wound  spirally  upon  the 
conductor. 

The  coils  are  connected  between  a  series  of  brass  blocks 
cut  to  receive  a  circular  peg  between  each  block  and  its 
neighbour  (Fig.  36).  With  all  the  plugs  in  position,  the 
brass  block  forms  a  continuous  conductor  of  negligible 
resistance  between  the  two  terminals.  The  removal  of  any 
plug  inserts  a  resistance  coil  between  the  terminals  of  the 
instmment  of  thie  value  marked  near  the  two  brass  blocks. 
In  the  case  illustrated  (Fig.  36)  the  2«,  3",  and  4"  coils  are 
in  circuit,  that  is  to  say  a  resistance  of  9"  is  introduced 
between  the  terminals.  The  1**  coil  in  this  case  is  short- 
circuited  by  the  plug. 

The  brass  blocks  are  fitted  upon  a  slab  of  ebonite,  a 
material  possessing  very  high  insulating  qualities.  The 
brass  blocks  are  recessed  upon  either  side,  beneath  the 
plug  holes,  in  order  to  provide  facilities  for  cleaning  the 
ebonite  and  removing  all  dust,  dirt,  or  metallic  filings,  due 
to  the  continual  twisting  of  the  plugs  in  their  holes. 

The  brass  plugs  usually  take  one  of  two  forms— either  a 
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turned  plug  of  brass  or  a  plug  of  brass  with  an  ebonite 
handle.  The  latter  is  the  preferable  form  on  account  of 
the  superior  grip  which  can  be  obtained  upon  it.  It  is  a 
matter  of  considerable  importance  that  the  plugs  should  fit 
accurately  and  tightly,  and  that  the  contact  surfaces  should 
be  kept  bright  and  clean.  Where  accuracy  is  required, 
these  points  must  receive  very  careful  attention,  for  it  will 
be  obvious  that  even  four  bad  contacts  in  series  will  pro- 
duce a  considerable  amount  of  resistance  which  should  not 
be  present.      Again,  this  resistance   will  vary  with   the 
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manner  in  which  the  plug  is  inserted.  A  plug  should  be 
put  in  firmly  with  a  twisting  motion  in  order  to  ensure 
a  good  contact.  Neglect  of  this  simple  and  obvious  pre- 
caution often  produces  somewhat  serious  errors.  Upon 
the  other  hand,  resistance  boxes  must  be  handled  carefidly, 
and  the  use  of  considerable  force  in  putting  in  the  plugs  is 
strongly  deprecated. 

The  values  given  to  the  coils  usually  take  the  following 
form  :  1,  2,  3,  4  ;  10,  20,  30,  40 ;  100,  200,  300,  400,  etc. 
The  right-hand  set  of  four  coils,  shown  in  Fig.  37,  has  the 
values  1",  2",  3**,  and  4",  and  it  will  therefore  be  seen  that 
any  resistance  from  1**  to  1(>"  by  gradations  of  l*"  can  be 
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thrown  into  circuit.  This  is  termed  a  set  of  unit  coils. 
The  centre  set  of  coils  contains  1,  2,  3,  4  units  and  tens — 
and  any  resistance  from  1"  to  llO*  by  gradations  of  one 


Fiu.  37.— lieBistonco  coils. 


ohm  can  thus  be  obtained.     The  large  set  upon  the  right 
contains  a  set  of  four  "  xmits  "  coils,  four  "  tens "  coils, 
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Fio.  38.— Uctardatiou  cuib. 


four  "  hundreds  "  coils,  and  four  "  thousands  '*  coils,  which 

thus  provide  for  any  integral  resistance  from  1"  to  11,110". 

Two    forms  of    resistance    box  employed   in   practical 

telegraphy  are  illustrated  in  Figs.  38  and  39.     The  former, 
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known  as  a  set  of  "  retardation  coils,"  on  account  of  the 
purpose  to  which  it  is  put  (see  Chapter  VII),  has  eight  coils 
of  the  following  resistances  :  10",  20",  30",  40",  100",  200", 
300",  4^^-.     Tliis  gives  10"  to  1100"  by  gradations  of  10". 


Fio.  3i». — Coiideuner  coils. 


The  second  form  used  for  a  similar  purpose  is  in  contra- 
distinction known  as  a  set  of  "  condenser  coils."  The 
resistance  of  its  seven  coils  are  respectively  50",  100",  200", 
300",  400-,  1000",  and  2000",  i.  e.  50"  to  4050"  by  grada- 
tions of  50".  Both  these  sets  of  coils  are  used  in  cases 
where  the  absolute  accuracy  of  the  resistance  is  of  very 

little  consequence,  and  the 
form  chosen  is  therefore 
simpler  than  those  previous- 
ly illustrated. 

Another  type  of  resistance 
box,  designed  to  avoid  the 
resistance  due  to  a  number 
of  plugs  in  series,  is  illus- 
tmted  in  Fig.  40.  This  form 
necessitates  a  resistance  coil 
for  each  value  of  resistance. 
To  obtain  1"  to  9"  by  1",  nine 
coils  are  necessary,  as  against  four  coils  to  give  1"  to  10" 
by  the  previous  arrangement.  The  heavy  centml  brass 
block  forms  one  terminal,  and  the  block  marked  0  the 
other.  A  resistance  of  1"  is  connected  between  the  blocks 
marked  0"  and  1",  1"  and  2",  2"  and  3",  etc.     The  introdue- 
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tion  of  the  peg  at  1"  connects  the  1"  coil  and  at  4**  the  four 
coils  between  the  0«,  1",  2'-,  3"  and  4'*  blocks.  For  any 
particular  resistance,  therefore,  there  is  only  one  plug 
needed.  This  presents  a  considerable  advantage  where 
great  accuracy  is  required.  The  guaranteed  accuracy  of 
this  particular  type  is  *02  per  cent. 

Shunts  are  usually  arranged  in  this  way,  and  a  con- 
sideration of  Fig.  26,  after  reading  the  later  part  of  this 
chapter,  will  make  this  apparent. 


Type  of  Wire  to  be  used. 

The  material  of  which  the  wire  for  a  resistance  coil  is 
composed  is  a  matter  of  considerable  importance.  Copper 
wire  is  quite  inadmissible  on  account  of  its  large  changes 
in  resistance  with  changes  of  temperature.  Again,  where  a 
large  resistance  is  required,  the  quantity  of  wire  necessary 
would  render  the  coils  very  bulky,  or  extremely  fine  wire 
would  have  to  be  employed. 

The  wire  chosen  should  have  a  very  high  resistivity 
and  a  small  temperature  variation  of  resistance.  The  wire 
should  not  oxidize,  or,  in  fcict,  bo  subject  to  any  change  of 
its  resistance  through  age.  The  three  alloys  which  are 
most  used  are  German  silver,  platinoid,  and  platinum 
silver.  Their  temperature  variations  of  resistance  are 
respectively  '044%,  "021%,  and  '031%  per  degree  Centi- 
grade, as  against  the  '428%  of  copper.  German  silver 
is  perhaps  the  oldest  and  most  extensively  employed 
material,  whilst  platinoid,  manganin,  and  eureka,  are  coming 
into  ever-increasing  use.  Platinum  silver  is  very  expensive 
and  is  only  employed  for  important  standards.  It  is  known 
to  age  very  little  and  to  be  subject  to  no  oxidation,  and  has  a 
small  and  very  accurately  known  temperature  variation  of 
resistance. 

The  resistivities  and  temperature  coefficients  of  copper 
and  a  few  well-known  and  frequently  used  alloys*  are 
given  on  page  110  for  purposes  of  comparison. 

*  German  silver  ia  composed  of  4  parts  of  copper,  2  of  nickel  and  1 
of  zinc.  Manganin  consists  of  84  parts  copper,  12  parts  manganese  and 
4  parte  nicke).  Platinoid  is  composed  of  tungsten  nickel,  copper  and 
zinc. 
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Material. 

Resistivity,  per  ctibic 

centimetre,  in 

microhms. 

Temperature  ooefficient 
%  per  degree  a 

•428 
•044 
•031 
•021 

Nil 

Nil 

Annealed  copper 
German  silver    . 
Platinum  silver . 
Platinoid    , 
Eureka 
Manganin  . 

1-69639 

•    20  to  30 

26  to  30 

40 

40 

42  to  46 

All  resistance  coils  are  marked  with  the  temperature  at 
which  they  are  correct,  and  this  is  usually  made  15*5°  C.  or 
60°  F.  In  the  case  of  very  important  standard  coils  the 
temperature  variation  is  carefully  determined,  and  a  certi- 
ficate as  to  this  and  the  resistance  of  the  coil  is  provided 
by  the  makers. 

Gauge  of  Wire. 

The  gauge  of  the  wire  to  be  employed  next  requires 
consideration.  Where  cost  and  size  are  no  object  the 
gauge  should  be  large,  since  this  will  give  great  accu- 
racy of  adjustment,  and  any  rise  of  temperature  due  to 
the  passage  of  a  current  through  it  will  be  reduced  to 
the  lowest  possible  value.  Naturally  a  wire  with  a  large 
surface  will  radiate  any  heat  generated  much  faster  than  a 
smaller  one,  and  its  temperature  will  consequently  be  lower. 
In  practice,  however,  the  questions  of  cost  and  bulk  are 
distinctly  important,  and  therefore  it  is  that  the  low 
resistance  coils  are  made  of  a  thick  wire,  whilst  the 
high  ones  are  composed  of  fine  wire.  If  fine  wire  were 
used  for  the  low  resistance  coils  the  length  of  wire  neces- 
sary would  be  short,  and  consequently  the  accurate  adjust- 
ment of  the  actual  length  required  would  be  extremely  fine, 
and  therefore  subject  to  considerable  inaccuracy.  Usually, 
too,  the  currents  flowing  through  low  resistances  are  larger 
than  those  flowing  through  high  resistances,  and  upon  this 
account  also  thick  wire  is  desirable. 


Rheostats. 

A  form  of  resistance  box,  termed  a  rheostat,  used  by  the 
Post  Office  upon  telegraph  circuits  is  illustrated  in  Fig.  41. 
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It  consists  of  two  contact  arms,  each  of  which  is  capable  of 
moving  over  a  semicircle  of  contact  points,  and  three 
separate  resistance  coils  and  plugs.  The  one  set  of  studs 
is  consecutively  marked  0,  40,  80,  120,  160,  200,  240,  280, 
320,  360,  and  400,  whilst  the  other  half  is  similarly  marked, 
but  with  values  ten  times  as  great,  i.  e.  400  to  4000.  By 
means  of  the  nearer  arm  any  resistance  up  to  400*  by  grad- 
ations of  40"  can  be  inserted.  With  the  other  any  resist- 
ance from  400-  to  4000",  by  gradations  of  400*»,  may  be 
obtained.     Using  both  arms,  any  resistance  from  0  to  4400** 


Fia.  41.— Rheostat  "C." 

by  gradations  of  40**  may  be  obtained.  On  the  base  of  the  in- 
strument three  coils  of  10",  20",  and  4000"  are  provided,  thus 
bringing  up  the  maximum  resistance  obtainable  to  8430". 
The  first  two  coils  provide  for  gradations  of  10"  instead  of 
40» ;  for  instance,  3370"  would  be  provided  by  the  400"  coil 
arm  at  3000-,  the  40"  coil  arm  at  360,  and  the  10"  coil  plug 
out.  3380«  woidd  require  the  20"  coil,  3390"  both  10"  and 
20",  whilst  3400«  would  be  provided  by  moving  the  40"  coil 
arm  to  400"  and  plugging  up  both  the  base  coils.  The  4000" 
coil  is  for  use  when  the  resistance  required  exceeds  4430". 
The  connections  are  shown  in  Fig.  42,  and  are  so  obvious 
as  to  require  no  comment. 
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There  are  at  present  three  forms  of  rheostat  in  daily  use 
in  the  Post  Office,  that  illustrated  in  Fig.  41  being  known 
as  the  rheostat  "  C."  The  "  B  "  is  somewhat  shorter  than 
the  "  C  "  type,  and  is  wound  with  finer  wire.  It  is  never 
used  upon  circuits  worked  with  bichromate  batteries,  or 
upon  secondary  cell  worked  circuits,  on  account  of  the 
heating  which  almost  inevitably  results. 

The  third,  or  "  D  "  form,  illustrated  in  Fig.  43,  is  now 
the  standard  pattern,  and  possesses  the  merits  of  greater 
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Fio.  42.— Connections  of  rhoostat  "C." 

cheapness  and  superioi:  efficiency  of  the  contacts.  The  two 
radial  arms  each  consist  of  strips  of  phosphor  bronze,  bent 
as  shown,  bearing  down  upon  the  circular  brass  contact 
blocks,  between  which  the  40  and  40O*  coils  are  connected. 
In  addition,  10»,  20",  and  4(XX)**  plug  coils  are  provided,  as 
in  the  "  H  "  and  "  C  "  types. 

Double-winding. 

All  resistance  coils  are  so  wound  as  to  have  the  smallest 
possible  self-inductance.    This  is  accomplished  by  doubling 
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the  wire  and  winding  it  as  indicated  in  Fig.  36.  A  current 
traversing  the  coil  does  not  generate  a  magnetic  field,  and 
the  coil  has  therefore  no  self-inductance.  Moreover,  jnagnets 
moved  in  the  vicinity  ol  the  coils  will  not  produce  induced 
currents.  In  considering  such  instruments  as  Wheatstone 
bridges,  it  will  be  quite  apparent  that  this  special  method 
of  winding  is  essential. 


Fio.  43.— Rheostat  "D." 
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The  value  of  the  current  which  can  be  measured  by  any 
particular  galvanometer  is  distinctly  limited.  For  instance, 
a  Post  Office  tangent  galvanometer  will  give  a  deflection  of 
200  divisions  with  a  current  of  2^  m.a.  If  it  is  desired 
to  measure  a  larger  current,  two  courses  are  open,  the  one 
to  re-wind  the  galvanometer  with  a  proportionally  smaller 
number  of  turns  of  wire,  or  to  divert  a  large  known  portion 
of  the  current  and  to  infer  the  value  of  the  total  current 
from  a  knowledge  of  the  actual  current  shown  upon  the 
galvanometer  and  the  proportion  diverted.  The  former 
method  has  sometimes  been  employed  and  a  plug  switch 
provided  by  which  any  particular  number  of  turns  of  wire 
could  be  joined  up. 
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Principle. 

The  method  of  diverting  a  known  proportion  of  the 
current  through  another  path  placed  in  parallel  with 
the  galvanometer  is  termed  "  shunting  the  galvanometer," 
and  the  resistance  employed  is,  in  this  connection,  termed 
a  "  shunt."  The  arrangement  is  shown  in  Fig.  44,  where 
the  galvanometer  G  has  a  slumt  S  connected  across  its  ter- 
minals. The  current  entering  the  instrument  divides  be- 
tween the  galvanometer  and  the  shunt  in  direct  proportion 
to  their  conductances.  If  the  resistances  of  the  galvanometer 
and  its  shunt  are  equal,  one  half  of  the  current  flows  through 
each  path.  The  galvanometer  therefore  indicates  -^  of  the 
current  flowing  through  the    whole    arrangement.     The 
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Fia.  44.— Shuuted  galTanomeler. 

current  indicated  upon  the  galvanometer  must  therefore  be 
multiplied  by  2,  and  2  is  accordingly  termed  the  multiply- 
ing power  of  the  shunt.     The  shunt  is  termed  a  ^  shimt. 

Let  the  resistance  of  the  galvanometer  under  considera- 
tion be  90",  and  then  determine  the  consequences  following 
the  use  of  various  shunt  resistances.  It  has  already  been 
shown  that  if  the  shunt  were  90*  it  would  be  termed  a  ^  shunt, 
and  have  a  multiplying  power  of  2.  If  now  the  shunt  were 
45",  two-thirds  of  the  total  current  would  pass  through  the 
shunt  and  one-third  through  the  galvanometer,  therefore  it 
would  be  a  1^  shunt. 

The  table  on  page  115  gives  the  particulars  of  nine 
different  shunts  which  might  be  applied  to  the  90"  galvano- 
meter, together  with  various  facts  derived  therefrom  r^ — 
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The  shunt  takes  its'  name  from  the  fraction  of  the 
total  current  flowing  through  the  galvanometer  itself.  If 
the  90"  galvanometer  unshimted  gave  a  deflection  of  20 
divisions  with  1*5  m.a.  flowing,  through  its  coils,  the  value 
of  20  divisions  with  each  of  the  shunts  shown  would  be 
1*5  m.a.  multiplied  by  the  multiplying  power  of  the  shunt, 
e,  g,  \  shunt  (1*5  X  2)  m.a. ;  \  shunt  (1*5  X  3)  m.a. ;  \  shunt 
(1*5  X  4)  m.a. ;  etc. 

From  a  consideration  of  the  numerical  examples  given 
for  this  particular  galvanometer,  it  will  bo  observed  that 
the  following  relations  hold  : — 


Multiplying  power  = 
Shunt  res.  = 


Qalvo.  res.  +  Shunt  res. 
Shunt  res. 
Galvo.  res. 
Multiplying  power  —  1 


(1) 

(2) 


Rule  I.  states  that  the  multiplying  power  of  a  shunt  is 
equal  to  the  sum  of  the  resistances  of  the  galvanometer 
and  the  shunt  divided  by  the  resistance  of  the  shunt.  In 
the  case  of  the  10"  shunt  to  the  90*"  galvanometer  its 
multiplying  power  is  at  once  found  to  be  : — 


90  +  10 
10 


=  10. 


The  second  rule  enables  the   resistance  of   the  shimt 
necessary  to  reduce  the"  current  through  the  galvanometer 
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itself  in  any  desired  proportion  to  be  ascertained.  The 
shunt  resistance  required  is  equal  to  the  galvanometer 
resistance  divided  by  a  number  obtained  by  subtracting 
unity  from  the  power  of  the  shunt  required.  In  the  case 
of  the  90**  galvanometer,  if  it  is  desired  to  apply  a  ^  shunt 
its  resistance  must  be  : — 

90    ^ig«^ 


6-1 


Having  established  these  rules  the  following  numerical 
examples  of  their  application  should  be  clear. 

Example  1. — ^A  galvanometer  of  320*  resistance  having 
a  constant  of  80  divisions  per  milli-ampere  is  shunted  by  a 
resistance  of  35^".  What  is  the  power  of  the  shunt,  and 
what  is  the  constant  of  the  shunted  instrument  ? 

From  (1)  multiplying  power  =  ^^^  +  ^^^ 

35^ 

=  10 

Constant  shunted  —  ^  m.a.  per  division. 

Example  2. — What  resistance  must  be  applied  to  a  320" 
galvanometer  in  order  to  shunt  it  |,  and  what  wiU  be 
its  constant  if,  when  unshunted,  80  divisions  represent 
1  m.a.? 

From  (2)  shunt  =  ^^  =  80« 

0-1 

Unshunted  80  divisions  —  1  m.a. 

Shunted  I     „  „        =  5  m.a. 

or  16         „         --=  1  m.a. 

It  will  be  obvious  that  the  application  of  a  shunt  to  a 
galvanometer  reduces  the  resistance  of  the  instrument  as  a 
whole.  The  resistance  is  then  equal  to  the  product  of  the 
resistances  of  the  galvanometer  and  shunt  divided  by  their 
sum.  Fortunately  a  much  simpler  relation  holds  in  the 
case  of  a  galvanometer  and  shunt.     It  is — 

The  combined  resistance  =  Resistoice  of  Galvanometer  ^3. 

Power  of  shunt  t- 
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For  instance,  the  combined  resistance  of  the  320"  galvan- 
ometer and  shunt  dealt  with  in  the  last  example  will  be, 

320 
according  to   this   rule,  —^  =  64**,  a   result  which  may 

readily  be  verified. 

Compensating  Resistance, 

The  reduction  in  the  resistance  of  a  circuit  containing  a 
galvanometer,  due  to  the  application  of  a  shunt,  leads  to  an 
increased  value  of  current  through  that  circuit.  The  appli- 
cation of  the  i  shunt,  therefore,  would  not  reduce  the  value 
of  the  current  from,  say,  200  divisions  to  40  divisions.  If 
the  resistance  of  the  circuit,  exclusive  of  the  galvanometer, 
were  absolutely  nil  the  application  of  the  shunt  would  not 
reduce  the  deflection  at  all.  This  fact  led  Kempe  to  design 
a  special  shunt  box  in  which  each  shunt  when  applied  also 
introduced  a  resistance  in  the  main  circuit,  equivalent  to 
the  decrease  produced  by  its  application.  This  resistance 
was  termed  a  compensating  resistance,  and  in  the  case 
of  a  320"  galvanometer  with  \  shunt  would  be  320-^^ 
=  256**.  The  joint  resistance  added  to  the  compensating 
resistance  is,  of  course,  320**,  so  that  the  application  of  the 
shunt  would  not  alter  the  resistance  of  the  apparatus  as  a 
whole. 

The  device  has  not,  however,  found  favour  in  practice  for 
two  reasons,  firstly,  its  cost,  and  secondly,  that  in  the 
majority  of  cases  the  resistance  of  the  galvanometer  or  of 
the  galvanometer  and  shunt  is  but  a  small  fraction  of  the 
resistance  of  the  circuit  as  a  whole.  In  the  few  cases 
where  this  is  not  the  case  the  calculation  of  the  effect  of 
the  diminished  resistance  is  comparatively  simple.  To  take 
a  practical  case  occurring  in  every-day  telegraph  work. 
ITie  current  flowing  through  a  duplex  circuit  may  be 
measured  by  inserting  a  tangent  galvanometer  at  the  test 
box  whilst  the  keys  are  at  rest.  The  xV  shunt  is  applied 
which  reduces  the  galvanometer  resistance  to  32**  and  a 
deflection  of,  say,  54  divisions  is  obtained.  To  be  strictly 
accurate,  the  fact  that  the  circuit  resistance,  say  1200**,  has 
been  increased  by  2f  %  owing  to  the  introduction  of  the 
galvanometer  should  be  allowed  for  in  calculating  the 
current  in  the  circuit  from  the  measurement.     The  value 
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observed  should  be  increased  in  the  same  percentage,  but 
it  should  be  noted  that  the  circuit  resistance  in  this  case 
must  include  the  batteries.  In  this  instance  the  compens- 
ating resistance  would  be  highly  objectionable  since  the 
resistance  introduced  into  the  circuit  would  l>e  320'  instead 
of  32",  and  the  increase  in  the  circuit  resistance  would 
therefore  amount  to  263%.  If  the  current  indicated 
under  these  circumstances  were  20  m.a.  the  \"alue  of  the 
current  through  the  circuit  working  normally  would  be 
25  J  m.a. 

In  the  case  of  measuring  verj^  high  resistances  the 
correction  necessary  is  usually  so  small  as  to  be  negligible. 
This  is  the  case  with  the  testing  set  described  in  Chapter 
XX,  Part  IV. 


P.O.  Tangent  Galvanometer  Shunts. 

It  will  now  be  possible  to  deal  Avith  the  shimts  in  connec- 
tion with  the  P.O.  tangent  galvanometer.  The  shunts 
provided  are  J,  ^V,  -jV,  iV»  8V..tU»  and  -jj^,  and  they  are 
connected  from  terminal  4-circlc  to  terminal  1  by  the 
introduction  of  a  plug  between  the  main  brass  block  and 
the  particular  shimt  block  chosen.  Instead  of  providing 
a  separate  coil  of  the  total  value  necessary  for  each  shunt 
eacli  coil  merely  adds  the  additional  resistance  required  to 
bring  the  total  to  the  specified  value.  In  the  galvanometer 
illustrated  in  Fig.  20,  the  }  shunt  is  the  lowest  power  and 
has  therefore  the  highest  resistance,  viz.  80**.  This  is  the 
suin  of  all  the  coils  in  series  added  together.  The  ^^j 
shunt  requires  only  35'50,  which  is  the  sum  of  all  the  coils 
on  the  right.  The  actujil  resistance  of  the  coil  between  the 
I  and  yV  block  is  therefore  44"44*'. 

The  constant  of  a  properly  adjusted  P.O.  tangent 
galvanometer  is  80  divisions  per  milli-ampere.  The  angle 
of  maximum  sensitiveness  has  been  stated  to  be  110 
divisions,  and  therefore,  in  any  given  case,  the  shunt 
which  will  make  the  deflection  nearest  to  110  divisions 
should  be  employed.  The  following  table  gives  all  the 
necessary  jx'xrticulars  in  regard  to  the  instrument : -- 
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P.O.  Tangent  GALVANOMETtB. 

Resistanco  of  coils,  320w. 

Angle  of  maximum  sensitiveness,  110  divisions. 

Maximum  deflection,  200  divisions. 


Name  of      ,     '^}f 
shunt  division. 


VaUue  of 

no 

divitions. 


Value  of 

200 
Oivisons. 


ihuntMl 

s 

m.a. 

t-375m.a. 

i 

fi'S75    „ 

tV 

i 

/;^7J    „ 

A            i 

^•r-^  „ 

A 

i 

55    „ 

A 

1 

7^>    „ 

ri. 

2 

^^;^^^^  „ 

ik 

4 

440   „ 

2 -.5  m.a. 

12-5  „ 

25  „ 

60  ,, 

100  „ 

200  „ 

400  „ 

800  „ 


RftMist. 

Combined 

ance  of 

resist- 

shunt. 

ance. 

„ 

820« 

80« 

64" 

35 -SO" 

32" 

16-84- 

16" 

8-205" 

8" 

4  051« 

4u> 

2013« 

2" 

r003u» 

1" 

Compeny- 

aling 
resistanrp. 


256" 
288" 
304" 
312" 
316" 
318" 
319" 


Shunts  are  very  frequently  employed  in  conijection  with 
reflecting  galvanometers  and  usually  three  values  are  sup- 
plied, viz.  yV»  tJ^»  ^"^  TuViT-  Unfortunately  many  makers 
insist  upon  labelling  these  shunts  with  the  fraction  of  the 
resistance  of  the  galvanometer,  i.e,  ^,  jjV»  and  -q}-^.  This 
fact  occasionally  leads  to  some  confusion  in  the  minds  of 
students.  Such  a  shunt  box  is  illus- 
trated in  Fig.  45.-  The  two  terminals 
are  connected  to  the  galvanometer  and 
the  particular  shunts  are  introduced  by 
placing  the  plug  between  the  central 
block  and  the  particular  shunt  re- 
quired. At  the  back  is  placed  a  small 
movable  switch  which,  upon  being 
moved  downwards,  short  circuits  the 
fthunts  altogether.  The  connections 
may  be  inferred  from  the  detailed 
description  of  the  tangent  galvanometer 
shunts. 

The  following  examples  show  a  couple 
of  problems  which  may  arise  in  con- 
nection with  shunts  as  applied  to  reflecting  galvanometers. 

Example  3.— A  galvanometer  of  950"  resistance  shunted 
iV  gives  a  deflection  of  53  divisions.    What  must  be  the 


Fig.  45.— Galvanometer 
shunt  box. 
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resistance  of  the  shunt  applied  to  increase  the  deflection  to 
240  divisions  ? 

Galvo.  shunted  yV  gives  53  diyisions. 
.'.  Galvo.  Tinshunted  gives  530  divisions. 

Multiplying  power  of  shunt  to  reduce  530  to  1  division 

=  530 
,,  „       „       „       „  increase  1  div.  to  240  divs. 

^  530 
240 
Qv     *  950 

^^^"^'  =  530-^  , 
240 

=  |0^  786-2-. 

240 

Example  4. — If  the  constant  of  a  galvanometer  of  800" 
resistance  is  '002  m.a.  per  division,  what  will  be  its 
constant  when  shunted  by  a  resistance  of  55"? 

Tif  u-  1  •  800  +  55 

Multiplying  power  = --^ 

Do 

Unshunted.     Value  of  1  division  =  *002  m.a. 

Shunted.  „       „  „        =  '002  X  ~ 

55 

=  '03109  m.a.  approx. 

Universal  Shunt. 

The  arrangement  of  shunts,  previously  considered, 
possesses  the  very  great  disadvantage  that  each  set  must 
be  specially  designed  for  the  particular  resistance  of 
galvanometer  with  which  it  is  to  be  used.  This  defect  has 
been  met  by  the  invention  of  the  xmiversal  shunt  by 
Ayrton  and  Mather.  This  shunt  may  be  applied  to  any 
galvanometer,  irrespective  of  its  resistance,  and  still  give 
equally  accurate  results.    On  page  115  it  was  stated  that : — 

•mr  1,.  1  .  Galvo.  resistance  +  Shunt  res. 

Multiphnng  power  = ^, 

^  -^    ^  ^  Shunt  res. 
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If  now  the  resistance  of  the  galvanometer  added  to  the 
shunt  resistance  could  always  have  the  same  value,  the 
multiplying  power  of  the  shunt  would  be  the  nxmiber 
resulting  from  the  division  of  this  constant  resistance  by 
the  resistance  of  the  shunt  applied. 

In  the  universal  shunt  a  sub-divided  resistance  of  10,000* 
is  connected  directly  across  the  terminals  of  the  galvano- 
meter, and  a  radial  contact  arm  moves  over  the  series  of 
studs  in  connection  with  those  sub-divisions.  The  arrange- 
ment is  conventionally  depicted  in  Fig.  46.  When  the  arm 
is  on  the  position  marked  1  there  is  a  resistance  of  10,000** 
across  the  terminals  of  the  galvanometer,  and  the  multiplying 

.    ^,       *  1  ,    Galvanometer  +  10,000" 

power  IS  therefore  equal  to  -         -      mVvvl^ — 

This  is  called  1. 
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Fia.  46.— Principle  of  the  universal  shunt 


When  the  arm  is  moved  to  ^  the  resistance  thrown  into 
the  circuit  of  the  galvanometer  is  6666*7** ,  and  across  this 
is  a  resistance  of  \  of  10,000"  =  3333-3" .  The  multiplying 
power  is  therefore  : — 

(Galvo.  +  6666-7")  +  3333*3" 
3333-3" 
1.  e.     Galvo.  +  10,000 
3333-3 

This  is  precisely  three  times  the  multiplying  power  in  the 
first  case. 

It  will  therefore  be  apparent  that  the  value  of  the 
Galvanometer  +  Shunt  is  always  the  same  no  matter  what 
position  the  arm  may  occupy.  The  multiplying  power  of 
any  shunt  is  therefore  its  resistance  divided  into  a  constant 
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number.     By  the  term  shunt  is  meant  the  resistance  frotn 
the  left  terminal  of  the  instrument  to  the  radial  arm. 
Hence — 

Total  res.  of  box 


Multiplying  power  = 


Res.  of  shunt 


A  very  little  consideration  of  the  figures  given  upon  the 
sketch  will  show  the  truth  of  these  facts.  The  practical 
form  of  the  shunt  box  is  shown  in  Fig.  47. 

Usually  the  total  resistance  of  the  box  is  either  1000", 
10»000«,  or  100,000",  but  it  will  be  equally  obvious  that 
any  value  might  be  chosen.  It  is,  however,  advisable  not 
to  have  too  great  a  disparity  between  the  resistance  of  the 
galvanometer  and  the  total  of  the  shunt  box,  as  this  leads 
to  loss  of  sensitiveness. 

A  notable  advantage 
gained  by  using  the 
universal  shunt  is  that 
the  resistances  required 
are  mostly  whole  num- 
bers, and  where  not  so, ' 
the  values  are  quite 
simple  and  readily  ob- 
tained fractions.  This 
is  a  remarkable  advance 
upon  the  T.Jy  of  857G" 
which  would  have  to  be 
calculated  and  provided 
for  an  instrument  of 
8570"  shunted  -nyVir-  The  fact  that  tlie  new  shunts  may 
be  applied  to  any  galvanometer  without  reference  to,  or 
knowledge  of,  its  resistance  cannot  be  too  highly  estimated. 


Fio.  47.— A  universal  shunt  box. 


Galvanometer  Constant. 

In  order  to  employ  a  galvanometer  for  the  purpose  of 
measuring  currents  it  is  necessary  to  know  its  constant. 
The  constant  of  a  galvanometer  may  be  defined  as  the 
current  required  to  produce  a  deflection  of  one  division, 
and  for  the  P.O.  Tangent  galvanometer  this  constant  is 
ifV  iT^a.  The  instrument  is  adjusted  by  means  of  the 
controlling  magnet  until  its  constant  is  80  divisions  per 
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milli-fiinpete  flowing  through  it.  Both  coils  in.  series  are 
used  in  this  case,  giving  the  full  resistance  of  320*. 

Formerly,  the  standard  Daniell  cell  described  upon  page 
38  was  used  in  conjunction  with  the  galvanometer  lor 
pbtaining  the  constant.  The  E.M.F.  of  this  cell  when  care- 
fully made  up  is  108  standard  volts.  The  standard  cell 
was  joined  up  to  the  galvanometer  with  a  resistance  of 
760"'  and,  assuming  the  internal  resistance  as  10",  the 
current  was : — 

1-08 

320  +  750  +  10  ~  ^  ^^•^• 

Thus  a  known  current  of  1  m.a.  was  passed  through  the 
instrument,,  which  was  adjusted  in  sensitiveness  by  means 
of  the  controlling  magnet,  until  a  deflection  of  80  divisions 
.was  produced.  The  value  of  any  deflection  subsequently 
obtained  could  at  once  be  stated. 

The  resistance  of  the  standard  cell  was  taken  as  10" ,  but 
this  assumption  proving  incorrect,  provision  was  made 
for  ascertaining  the  actual  value  by  a  test  made  in  con- 
junction with  the  battery  testing,  instrument.  The  corre- 
sponding value  of  the  deflection  which  should  result  when 
80  divisions  represented  1  m.a,  was  tabulated  for  various 
battery  resistances.  As  an  example  let  the  resistance  of 
the  standard  cell  be  7**  : — 

current    —  r-rn   i    •>o()  a.  7  ~  a'*J<''>  nr^-^-  approx. 

If  1  m.a.  =  80  divisions 
then  1*003  m.a.  =  80  X  I'OOS  -  8024  or  80}  divisions. 

In  this  case  the  galvanometer  would  be  adjusted  so  that 
the  cell  produced  80}  divisions  due  to  the  1003  m.a. 
passing  through  it. 

The  whole  of  the  resistances  and  E.M.F.s  quoted  are  in 
standard  ohms.  If  the  galvanometer  and  750'*  coil  were 
wound  in  B.A.  ohms,  the  correcting  factor  would  be  much 
larger.  It  may,  however,  be  remarked,  that  the  majority 
of  the  instruments  have  been  re-wound,  and  are  marked 
"  standard  ohms."  The  750"  resistance  occupied  the  posi- 
tion which  is  now  devoted  to  the  \  shunt  (Fig.  20). 
.;    Th^  standard  Daniell  cell  is  open  to  certain  veiy  definite 
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objections.  Firstly,  its  E.M.F.  is  dependent  upon  the 
strength  of  the  zinc  sulphate  solution,  and  therefore  con- 
siderable care  in  making  it  up  is  necessary.  Secondly, 
being  wet  and  liable  to  be  accidentally  overturned,  it  is 
not  a  particularly  desirable  adjunct  to  an  instrument  room. 
These  objections  led  to  the  use  of  a  very  different  arrange- 
ment, viz.  the  "  sealed  standard  cell."  This  consists  of  a 
single  dry  cell  with  a  resistance  coil  of  1144'*  placed  in  a 
small  wooden  box,  the  lid  of  which  is  protected  by  a  special 
seal.  The  box  carries  a  brass  frame  in  which  is  inserted  a 
card  giving  the  value  of  the  deflection  which  must  be 
produced  upon  a  galvanometer  in  order  that  80  divisions 
may  represent  1  m.a.,  and  also  the  date  upon  which  the 
cell  is  to  be  returned  for  verification.  It  is  returned  to  the 
Engineer-in-Chief  s  Office  every  three  months,  where  the 
box  is  opened  and  the  E.M.F.  of  the  cell  carefully  measured. 
Should  the  E.M.F.  have  diminished  the  value  of  the  deflec- 
tion necessary  is  re-calculated  and  entered  upon  a  new 
card,  which  is  substituted  for  the  old  one. 

As  the  internal  resistance  of  the  standard  cell  is  negli- 
gible a  current  of  1  m.a.  would  be  produced  if  its  E.M.F. 
happened  to  be  precisely  1*464  volts.  The  relation  between 
its  actual  E.M.F.  and  the  corresponding  deflection  which 
must  be  obtained  in  order  that  80  divisions  shall  repre- 
sent 1  m.a.  is  obtained  precisely  as  indicated  in  the  case 
of  the  old  arrangement  described  on  page  123. 

One  advantage  gained  by  inserting  the  resistance  of 
1144"  in  the  box  itself  is  that,  should  the  cell  be  accidentally 
short-circuited,  the  resulting  current  (about  l-\  m.a.)  will 
not  be  such  as  to  cause  a  serious  and  permanent  change  in 
the  E.M.F.  of  the  cell.  Without  the  resistance  coil,  such 
an  accident  would  inevitably  produce  a  most  serious  drop 
in  the  value  of  the  cell's  E.M.F. 

Taking  Constant. 

In  taking  the  constant  the  following  operations  are 
necessary : — 

1.  Remove  the  controlling  magnet  and  place  it  some 
distance  away. 

2.  Turn  the  instrument  until  the  pointer  stands  opposite 
the  zero  of  the  outer  scale.     (Note  that  the  needle  is  not 
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bent,  by  observing  if  the  other  end  lies  over  60°  on  the 
lower  right-hand  scale  of  degrees.) 

3.  Join  up  the  standard  cell  by  means  of  the  switch 
and  observe  the  deflection.  (The  cell  should  only  be  kept 
on  long  enough  to  obtain  a  reading,  and  the  switch  should 
therefore  be  opened  as  quickly  as  possible.) 

4.  The  magnet  should  be  slid  to  the  top  of  the  stalk 
and — 

(a)  If  the  deflection  obtained  without  the  controlling 
magnet  is  ahave  the  value  shown  upon  the  standard 
cell  card  the  stalk  should  be  placed  in  its  socket 
and  its  North  pole  turned  towards  the  South  {i.  e.  its 
North  pole  opposite  the  needle's  South).  It  should 
then  be  slightly  twisted  until  the  needle  is  exactly 
at  zero, 
or  (h)  If  bdow,  the  North  pole  of  the  magnet  should  fece 
North  (i.  e.  its  North  pole  opposite  the  needle's  North). 
It  should  then  be  slightly  twisted  until  the  needle 
is  exactly  at  zero. 

5.  The  stalk  should  then  be  clamped  by  the  socket 
screw. 

6.  The  standard  cell  should  be  applied,  and  the  magnet 
lowered  upon  the  stalk  until  the  requisite  deflection  is 
obtained.  The  cell  should  be  kept  on  for  as  short  a  time 
as  possible,  hence  it  is  preferable  to  make  a  series  of  tests 
rather  than  to  keep  the  cell  running  the  whole  time  the 
magnet  is  being  lowered. 

In  connection  with  these  operations,  the  use  of  the  key 
which  short-circuits  the  2-circle  4-circle  coil  when  de- 
pressed is  required  in  order  to  quicken  the  processes 
detailed  in  3  and  6.  The  joining  up  of  the  standard  cell 
would  cause  the  needle  to  swing  well  past  its  proper 
deflection,  and  it  would  oscillate  above  and  below  this 
latter  point  for  some  time  before  coming  to  rest.  By 
momentarily  short-circuiting  one  coil  of  the  galvanometer 
the  needle  is  checked  in  its  swing  and  is  urged  to  return 
to  a  lower  deflection.  By  suitable  tapping  upon  this  key 
at  the  moment  of  a  swing  in  the  direction  of  increased 
deflection  the  needle  can  very  rapidly  be  brought  to  rest. 
With  a  very  little  practice  the  needle  can  be  brought  to 
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rest  with  considerable  expedition.  It  will  be  obvious  tkat 
the  same  procedure  may  be  applied  to  any  other  form  of 
test  with  this  particular  instrument. 

It  occasionally  happens  that  the  pointer  of  the  tangent 
galvanometer  is  not  accurately  set  with  respect :  to  the 
needle.  When  one  end  of  the  pointer  stands  at  the  zero 
of  the  outer  scale  the  other  end  should  stand  at  60°  on  the 
opposite  scale  of  equal  degrees.  This  proves  that  the 
pointer  is  straight,  but  not  that  it  is  at  right  angles  to 
the  magnetic  needle.  Where  such  a  defect  is  suspected 
a  deflection  of  200  divisions  should  be  obtained  by 
applying  about  50  or  60  volts  through  a  sufficient  amount 
of  resistance.  The  resistance  of  the  circuit  should  then 
be  doubled  by  adding  resistance  equal  to  the  galvano- 
meter resistance  (320"),  battery  resistance  and  that  pre- 
viously introduced.  If  the  deflection  is  not  exactly  100 
divisions,  the  needle  requires  adjustment.  The  pointer 
should  be  bent  and  set  at  zero,  and  the  whole  operation 
repeated  until  doubling  the  total  resistance  of  the  circuit 
exactly  halves  the  deflection. 


Constant  of  Reflecting  Galvanometer. 

With  a  reflecting  galvanometer  the  constant  is  taken  iu 
a  similar  manner,  but  usually  considerable  accuracy  is 
required,  and  therefore  a  Clark  cell  is  employed.  A 
resistance  of  10,000"  or  100,000"  is  inserted  with  the  cell 
and  galvanometer.  The  galvanometer  is  usually  heavily 
shunted. 

As  an  example  suppose  that  the  Clark  cell  E.M.F.  1*433 
volts  (at  the  temperature  at  which  the  test  is  made)  is 
joined  to  a  5000"  galvanometer  shunted  yj^r  tlirough  a 
resistance  of  100,000",  and  that  a  deflection  of  200  divisions 
resulted — 

Resistance  of  galvanometer  and  shunt   =   50" 
Standard  cell  about  50 

Resistance  coil  100,000  100000 


Total    100,100 
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1*433 
.*.     total  current  =    TTvvi/jf:  =    01432  m.a. 

Current  through  galvanometer  =  *(XX)1432  m.a. 
Value  of  1  division  =  -0000716  m.a. 

Reflecting  galvanometers  are,  however,  very  fi*equently 
used  in  the  same  manner  as  the  testing  set  described  in 
Chapter  XX. 


CHAPTER  IV 
BATTERY  TESTING, 

Measurement  of  E.M.F. — ^Direct  Deflection  Method. 

THE  current  flowing  through  a  circuit  is  directly  pro- 
portional to  the  E.M.F.  applied,  and  inversely  to  its 
resistance.  If  two  circuits  have  equal  resistances,  the 
respective  currents  flowing  through  them  will  be  directly 
proportional  to  the  E.M.F.s  which  they  contain.  It  is 
upon  this  fact  that  the  "direct  deflection  method"  of 
measuring  the  E.M.F.  of  a  cell  depends.  The  resistance  of 
a  circuit,  containing  in  series  a  battery  and  a  galvanometer, 
is  made  up  of  two  parts,  the  resistance  of  the  galvano- 
meter and  the  internal  resistance  of  the  cell.  In  sub- 
stituting another  cell  for  the  one  included  in  the  circuit 
described,  the  internal  resistance  of  the  new  cell  is  sub- 
stituted for  that  of  the  first  cell.  In  practice,  the  internal 
resistance  of  ordinary  primary  cells  ranges  from  yV  ^ 
20",  and,  taking  the  two  extremes  as  the  respective  values 
of  the  new  cell  and  the  first  cell,  the  substitution  has 
involved  a  decrease  of  19 '9"  in  the  resistance  of  the 
circuit.  If  the  E.M.F.s  of  the  two  cells  be  exactly  equal, 
this  decrease  in  the  resistance  of  the  circuit  entails  an 
increased  current  through  the  galvanometer.  This  increase 
of  current  may  be  made  as  small  as  is  desired  by  increasing 
the  resistance  of  the  galvanometer  employed,  or  by  adding 
resistance  to  the  circuit.  In  the  tests,  the  external  resist- 
ance is  the  same  for  the  first  cell  as  for  the  second  cell, 
and  the  increase  of  resistance  means  that  an  amount  may 
be  added  to  the  circuit,  but  that  it  shall  be  the  same  for 
both  tests. 

Suppose  now  that  the  two  cells  in  question  are  in  turn 
connected  to  a  P.O.  tangent  galvanometer  of  320"  resist- 
ance and  that  their  E.M.F.s  are  equal,  whilst  their  internal 
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resistances  are  respectively  *1"  and  20".  The  substitution 
of  the  "1"  cell  for  the  20"  cell  will  produce  a  decrease  of 
nearly  6%  in  the  total  resistance  of  the  circuit,  and  there- 
fore an  increase  of  rather  more  than  6%  in  the  current. 
If  now  660  be  added  to  the  galvanometer  by  means  of  a 
resistance  box,  the  external  resistance  of  the  circuit  will  be 
raised  to  980"  (total  1000"),  and  the  substitution  of  the  cells 
will  then  produce  an  increase  of  but  2%  in  the  value  of  the 
current.  By  taking  a  more  sensitive  galvanometer  and 
making  the  total  resistance  10,0(X)"  the  increase  in  the 
value  of  the  current  becomes  one-fifth  of  one  per  cent. 
With  100,000"  it  becomes  one-fiftieth  of  one  per  cent. 
Therefore  it  will  be  seen  that  this  difference  in  the  re- 
sistance of  the  circuit  may  be  reduced  to  any  desired 
value.  In  other  words,  it  is  only  necessary  to  decide  upon 
what  accuracy  is  required  and  to  calculate  the  external 
resistance  necessary. 

If  the  two  cells  differ  also  in  E.M.F.,  the  relative  values 
of  the  currents  which  they  will  produce  through  the 
circuit  will  be  in  direct  proportion  to  their  respective 
E.M.F.s,  subject,  however,  to  the  error  which  their  differ- 
ing internal^  resistances  will  produce.  It  has  already  been 
shown  that,  by  making  the  external  resistance  correspond- 
ingly great,  this  error  may  be  reduced  to  any  desired 
value.  The  current  on  a  tangent  galvanometer  with  its 
scale  divided  into  degrees  is  proportional  to  the  tangents 
of  the  angles  of  deflection,  therefore  the  E.M.F.s  are  directly 
proportional  to  the  relative  tangents  of  the  angles  of 
deflection.  For  instance,  if  a  cell  having  an  E.M.F.  of 
^  volt  produces  a  deflection  of  30°,  and  another  cell  under 
the  same  conditions  shows  60°,  their  E.M.F.s  are  as 
tangent  30°  is  to  tangent  60°,  which  is  as  1  : 3.  The 
E.M.F.  of  the  second  cell  is  therefore  1^  volts. 

Where  a  tangent  galvanometer  with  a  scale  divided  into 
equal  current  divisions,  such  as  the  P.O.  form,  or  a  reflect- 
ing galvanometer,  is  employed,  the  E.M.F.s  are  directly 
proportional  to  the  number  of  divisions  of  deflection  pro- 
duced. If,  for  instance,  a  cell  having  an  E.M.F.  of  13 
volts  gives  a  deflection  of  50  divisions,  whilst  a  second  cell 
of  unknown  E.M.F.  produces  70  divisions,  its  E.M.F.  is 

^X  1*3  volts-  1-82  volts. 
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Practically  then,  this  method  of  measuring  E.M.F.s 
depends  upon  making  the  external  resistance  so  large  in 
comparison  with  the  internal  resistance  that  the  resistance 
of  the  circuit,  as  a  whole,  may  be  considered  to  be  to  all 
intents  and  purposes  the  same,  no  matter  what  may  be  the 
particular  value  of  the  internal  resistance  of  the  cell  under 
test.  If  the  resistance  of  the  circuit  is  the  same,  the 
current  produced  depends  solely  upon  the  E.M.F.  of  the  cell. 

The  foregoing  method  serves  only  for  the  pui-pose  of 
compainng  the  E.M.F.s  of  two  cells,  and  unless  the  E.M.F. 
of  one  of  the  cells  is  known,  only  the  relative  E.M.F.s  of 
the  cells  can  be  given.  If  one  of  the  cells  had  been  a 
standard  cell  with  an  E.M.F.  of  known  value,  the  E.M.F. 
of  the  other  could  readily  be  stated. 

In  order  to  measure  the  E.M.F.  of  a  cell  it  is  essential 
tliat  a  standard  cell  should  be  used.  The  fact  that  the 
galvanometer,  or  galvanometer  and  resistance-coils  together, 
should  have  a  high  resistance  has  already  been  dilated 
upon.  The  other  point  which  requires  mention  is  that  the 
galvanometer  employed  must  be  of  a  form  in  which  there 
is  a  definite  relation  between  the  current  and  the  deflection 
produced,  as  for  example  a  tangent  galvanometer,  a  reflect- 
ing galvanometer,  or  other  similar  instrument.  Such  an 
instrument  as  a  differential  galvanometer  (Fig.  101)  would 
be  quite  useless,  as  the  deflections  do  not  correspond  in 
any  simple  way  to  the  currents  producing  them. 

In  carrying  out  a  measurement  by  the  direct  deflection 
method  a  single  current  key  should  be  joined  in  circuit  so 
that  the  cells  may  only  be  furnishing  current  whilst  the 
deflection  is  being  read.  This  precaution  is  necessary  to 
avoid  errors  due  to  polarization,  and  it  may  be  remarked 
that  the  higher  the  resistance  of  the  circuit  the  smaller  is 
the  polarization. 

A  deflection  is  first  taken  with  the  standard  cell  in 
circuit,  and  the  cell  whose  E.M.F.  is  to  be  measured  is 
then  substituted  for  it.  The  relative  E.M.F.s  are  in 
the  same  proportions  as  the  number  of  divisions  of  the 
deflection  produced. 

Example. — ^A  standard  cell  108  volts  gives  a  deflection 
of  120  divisions  upon  a  high  resistance  galvanometer. 
What  is  the  E.M.F.  of  another  cell  which  produces  197 
divisions  under  like  circumstances? 
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120  :  197  : :  108  :  E.M.F. 

.        g^p       ^     m     X     108    ^     ^.yyg    ^^J^g 

With  an  ordinary  tangent  galvanometer  the  deflections 
should  be  as  near  te  45°  as  possible,  in  order  to  ensure  the 
maximum  accuracy  in  reading  the  deflections.  With  a 
P.O.  instrument  110  divisions  represent  the  greatest 
accuracy,  and  with  a  reflecting  galvanometer  the  larger 
deflection  should  be  as  near  to  the  maximum  of  the  scale 
as  practicable. 

Equal  Current  Method. 

The  direct  deflection  method  gives  the  E.M.F.  of  the 
standard  cell  and  the  cell  or  battery  under  test  as  pro- 
portional to  the  respective  deflections  produced.  If  now 
the  battery  under  test  consists  of,  say,  fifty  cells,  and  if,  for 
the  sake  of  illustration,  its  E.M.F.  is  assumed  to  be  fifty 
times  that  of  the  standard  cell,  the  respective  deflections 
produced  wiU  be  as  1  :  50.  If  the  first  deflection  is  4 
divisions,  the  second  will  be  200.  This  latter  can  be  read 
with  sufficient  accuracy — say  to  within  a  half  division — a 
like  accuracy  in  the  first  deflection  means  that  it  may  be 
read  as  4  w^hen  actually  it  may  be  3^  or  even  4^.  If  the 
E.M.F.  of  the  standard  cell  is  1  volt,  the  E.M.F.  of  the 
battery  would  be  given  ^as  577^  volts  for  3^  divisions,  50 
volts  for  4  divisions  or  44  J  volts  for  4^^  divisions.  The 
errors  in  practice  would  amount  to  far  more  than  these 
values — probably  to  twice  as  much. 

It  will  be  ajjparent,  then,  that  the  direct  deflection  method 
should  only  be  used  to  compare  the  E.M.F.  of  two  cells,  or 
to  compare  the  E.M.F.  of  two  batteries  of  approximately 
equal  E.M.F.  Where  this  method  breaks  down,  the  "  equal 
current  method  "  may,  with  advantage,  be  employed. 

The  equal  current  method  depends  upon  the  fact  that  if 
two  circuits  carry  an  equal  current,  the  E.M.F.s  producing 
those  currents  are  in  direct  proportion  to  the  respective 
total  resistances  of  the  two  circuits.  For  instance  if  the 
resistances  of  the  two  circuits  were  2000"  and  1000"  it 
would  require  twice  the  E.M.F.  to  furnish  the  same  current 
in  the  first  circuit  as  would  be  required  in  the  second. 

In  the  above  statement  the  total  resistance  oi  the  circuit 
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is  distinctly  specified,  thus  necessarily  including  the 
internal  resistance  of  the  batteries.  The  same  arguments 
must  be  applied  to  this  case  as  those  applied  in  the  direct 
deflection  method.  The  conclusion  is  that  here  also  the 
external  resistance  must  be  made  large  in  comparison  with 
that  of  the  internal  resistance  of  the  cell.  This  point  will, 
however,  be  rendered  more  apparent  after  a  consideration 
of  the  practice  of  the  method. 

A  galvanometer,  key,  and  rheostat  are  joined  up  to  the 
standard  cell  as  shown  in  Fig.  48.     Tlie  galvanometer  may 


Fio.  48.— Equal  current  nietliod  of  measuriDg  tlie  E.M.F.  uf  a  battery. 

be  of  any  form,  since"^the  method  merely  requires  that  the 
current  shall  be  the  same  under  two  different  conditions. 
The  relation  of  the  deflection  to  the  current  producing  it  is 
quite  immaterial,  since  the  same  deflection  means  the  same 
value  of  current,  whatever  it  may  bo.  The  sensitiveness  of 
the  instrument  should  be  such  that,  when  the  external 
resistance  with  the  standard  cell  in  circuit  is  of  the  value 
chosen,  a  large  and  clearly  readable  deflection  as  near  the 
angle  of  maximum  sensitiveness  as  possible,  shall  be 
obtained.  For  an  ordinary  tangent  galvanometer  this 
should  be  45°  and  with  a  P.O.  differential  galvanometer 
(Fig.  101)  about  35°. 

Let  the  resistance  of  the  galvanometer  (Fig.  48)  be  50" 
and  the  resistance  introduced  in  the  rheostat  be  45()*. 
With  the  standard  cell  E.M.F.  1*08  volts  connected  between 
A  and  B,  a  deflection  of  50°  upon  the  galvanometer  is  pro- 
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duced  upon  depression  of  the  key.  The  battery  to  be 
tested  is  then  substituted  for  the  standard  cell  between  A 
and  B.  The  resistance  in  the  rheostat  is  raised  (to  say 
57 60*)  until  tlie  depression  of  the  key  produces  exactly  the 
same  deflection,  viz.  50"^.  The  currents  in  the  two  cases 
are  therefore  the  same,  and,  since  the  external  resistances 
are  greatly  in  excess  of  the  internal,  the  rule  previously 
deduced  may  with  propriety  be  applied,  viz.  that  the 
E.M.F.s  are  proportional  to  the  respective  external  resist- 
ances. The  E.M.F.  of  the  standard  cell  (108  volts)  is 
then  in  the  same  proportion  to  tliat  of  the  battery  tested 
as  their  external  resistances,  that  is  as  5(>*  +  450"  :  50"  + 
5760"  or  as  500"  :  5810". 

500:5810::  108  :  E.M.F. 
.  ^^^  ^  5810x108  ^  J2.55  ^^^^^ 
500 

Here  it  will  be  well  to  investigate  the  error  introduced 
by  the  difference  in  the  internal  resistance  of  the  cells 
tested.  Let  the  standard  cell  have  a  resistance  of  20",  and 
the  battery  under  test  *1"  per  cell.  For  simplicity  of 
calculation  assume  that  the  E.M.F.  of  the  standard  cell  is 
1  volt,  and  that  of  the  ten-cell  battery  is  10  volts.  Equal 
deflections  would  be  obtoined  with  an  external  resistance 
of  480"for  the  standard  cell,  and  4999"  for  the  battery,  the 
total  resistances  being  respectively  500"  and  50(X)".  This 
is,  of  course,  exactly  the  ratio  of  the  two  E.M.F.s ;  but,  in 
neglecting  the  internal  resistances  as  laid  down  in  the 
method  described,  the  ratio  is  given  as  480  :  4999.  This 
corresponds  to  an  error  of  approximately  4%.  Had  the 
total  resistance  been  1000"  for  the  first  test,  the  error  'svould 
have  been  2%,  whilst  if  2000"  had  been  employed  in  the 
first  instance  with  the  standard  cell,  the  error  would  only 
have  amounted  to  1%.  In  practice,  the  internal  resistances 
would  not  be  likely  to  differ  so  widely  and  the  errors 
would  therefore  be  smaller — probably  less  tlian  half  as 
great.  With  ordinary  telegrapli  cells  the  first  \Tilue  (500") 
would  be  quite  accurate  enough.  The  accuracy  with 
which  the  deflection  could  be  read  would  probably  not  be 
much  nearer  than  1%,  and  the  second  value  (1000")  would 
meet  every  requirement. 
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The  error  introduced  by  the  diiferenee  in  the  resiRtance  of 
the  standard  cell  and  the  battery  tested,  is  not  proportional 
to  the  ratio  of  the  resistance  of  the  standard  cell  to  the  total 
resistance  of  the  battery  tested.  If  the  standard  cell  and 
the  E.M.F.  per  cell  of  the  battery  tested  are  equal,  and 
their  internal  resistances  per  cell  are  also  equal  (say  lO") 
the  resistance  of  the  standard  cell  is  10",  whilst  that  of  the 
battery  (say  50  cells)  is  500**.  In  this  case  no  error  what- 
ever is  introduced  since  the  resistances  per  cell  are  equal. 
Where  the  E.M.F.  per  cell  differs,  the  internal  resistances 
per  cell  should  ])ear  the  ratio  of  the  E.M.F. s  to  obviate 
error. 

Wiedemann's  Method. 

Wiedemann's  method  of  comparing  the  E.M.F. s  of  two 
batteries  depends  solely  upon  the  accuracy  with  which  the 
deflections  can  be  read.  The  internal  resistance  of  the 
cells  does  not  enter  into  the  question  at  all,  but,  like  the 
direct  deflection  method,  it  suffers  from  the  disadvantage 
that  it  is  only  accurate  when  the  E.M.F.s  of  the  cells  or 
batteries  compared  do  not  widely  differ. 

A  tangent  galvanometer,  rheostat,  and  key,  are  joined  up 
with  the  standard  cell  and  the  cell  to  be  tested,  in  series. 
The  standard  cell  and  the  cell  under  test  act  in  the  same 
direction,  and  therefore  the  current  through  the  apparatus 
is  proportional  to  the  sum  of  their  E.M.F.s.  The  resist- 
ance in  the  rheostat  is  then  adjusted  until  a  fairly  large 
deflection  is  obtained.  One  of  the  cells  is  now  reversed  so 
that,  u  pon  depression  of  the  key,  they  tend  to  send  currents 
in  opposite  directions.  Since  the  resistance  of  the  circuit 
is  unchanged,  the  current  produced  is  therefore  proportional 
to  the  difference  of  their  E.lSl.F.s. 

If  the  two  cells  are  equal  in  E.M.F.  there  will 
obviously  be  no  deflection  in  the  second  case.  The  general 
rule  is  :—T1ie  E.M.F.  of  the  rfveater  is  to  the  E.M.F,  of  the 
JesHpr  as  the  suvi  of  the  dejJeetions  in  to  their  difference. 

It  is  essential  that  it  should  be  known  which  cell  has  the 
larger  E.M.F.,  and  it  is  also  necessary  that  when  one  cell  is 
reversed  the  cell  reversed  shall  have  the  lesser  E.M.F.  If 
tliis  latter  point  were  not  observed  the  use  of  a  skew  scale 
galvanometer  would  not  be  possible,  as  the  "  difference  " 
deflection  would  be  in  the  reverse  direction  to  the  "  sum  " 
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deflection.  With  an  ordinary  tangent  galvanometer  there 
would  Btill  be  a  complication,  but  as  it  is  so  easy  to  avoid, 
this  point  is  not  worth  following  up. 

Example. — Two  cells  acting  together  give  a  deflection  of 
198  divisions  and  acting  in  opposition,  due  to  reversal  of 
the  standard  cell,  35  divisions,  what  will  be  the  E.M.F.  of 
the  first  cell  if  the  E.M.F.  of  the  standard  cell  is  108  volts? 

If  the  standard  cell  was  the  cell  which  was  reversed,  i.  e. 
and  had  the  lesser  E.M.F.,  then 

198  -  35  :  198  +  35  : :  108  volts  :  E.M.F.  of  cell  tested, 
or  163  :  233  :  :  108  :  E.M.F.  of  cell  tested 

.-.  E.M.F.  =  ^^^,^,}'^^-  =  1-544  volts. 

It  may  be  remarked  that  although  the  method  does  not 
depend  upon  the  value  of  the  resistance  of  the  circuit 
this  should  be  made  high  in  order  that  the  current  taken 
from  or  passing  through  the  standard  cell  may  be  a 
minimum.  This  avoids  two  evils,  damage  to  the  standard 
cell  and  polarization. 

Potentiometer  Method. 

The  most  accurate  method  of  measuring  E.M.F.s  is  the 
potentiometer  method.  It  further  possesses  the  advantage 
of  being  a  *'  null "  or  **  zero "  method,  which  term  is 
another  way  of  saying  that  it  does  not  depend  upon  the 
observation  of  the  value  of  a  deflection.  The  galvanometer 
is  merely  used  to  indicate  a  difference  of  potential,  and  not 
to  measure  it. 

A  long  wire  of  uniform  section  and  high  resistivity 
is  stretched  above  a  scale  of  equal  divisions  between 
two  terminals.  A  contact  point  with  a  terminal  attached 
slides  over  the  wire.  A  secondary  cell  with  an  adjustable 
resistance  is  connected  to  the  two  ends  of  the  wire  and  a 
steady  current  of  suitable  value  flows  along  it.  This  cur- 
rent must  not  be  so  great  as  to  cause  any  serious  heating 
of  the  wire.  The  difference  of  potential  between  the  ends 
of  the  wire  is  equal  to  the  current  flowing  through  it 
multiplied  by  its  resistance.  Similarly,  the  difference  of 
potential  between  any  two  points  is  equal  to  the  current  mul- 
tiplied by  the  resistance  of  the  wire  between  the  two  points. 

The  point  marked  0  (Fig.  49)  will  be  called  zero,  and 
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the  potentials  along  the  wire  considered  with  respect  to  it. 
For  the  moment  the  cell  and  galvanometer  shown  below 
the  wire  should  be  ignored.  The  current  in  the  wire  is,  of 
course,  of  the  same  value  throughout  its  length.  The 
potential  difference  between  0  and  1(X)  is  equal  to  the 
current  multiplied  by  the  resistance  of  the  wire  between  0 
and  100.  The  potential  difference  between  0  and  50  is 
obviously  half  this  value,  since  the  resistance  of  the  wire  is 
assumed  to  be  quite  uniform  and  therefore  dii'ectly  pro- 
portional to  its  length.     Similarly  the  difference  of  poten- 


Fio.  49.  — Potentiometer  method  of  measuring  the  E  M.F.  of  a  cell. 


tial  between  0  and  any  point  along  the  wire  is  directly 
proportional  to  the  length  of  the  wire  from  0  to  that  point. 
For  example  the  difference  of  potential  between  0  and  75  is 
f  of  that  between  0  and  100,  or  is  1|^  times  that  between  0 
and  50. 

If  now  one  end  of  a  standard  cell,  with  a  galvanometer  in 
series  with  it,  be  attached  to  the  0  end  of  the  wire,  whilst 
the  other  terminal  is  connected  to  the  slider,  a  point  can  be 
found  upon  the  slide  wire  where  the  difference  of  potential 
from  0  to  that  point  is  equal  to  the  E.M.F.  of  the  cell. 
Such  a  point  is  found  by  moving  the  slider  until  the 
galvanometer  shows  no  deflection.  When  this  is  the  case 
the  difference  of  potential  between  0  and  the  slider  is 
equal  to  the  E.M.F.  of  the  ceU.  Since  no  current  flows 
under  these  conditions  the  difference  of  potential  between 
the  negative  pole  of  the  cell  and  the  opposite  end  of  the 
galvanometer  is  clearly  the  same  as  that  between  the 
terminals  of  the  cell.     If  this  were  not  so,  there  would  be  a 
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difference  of  potential  between  the  terminals  of  the  galvano- 
meter, but  this  is  not  the  case  since  there  is  no  deflection. 

The  difference  of  potential  between  0  and  the  slider  has 
now  been  determined,  since  it  is  known  to  be  equal  to  the 
E.M.F.  of  the  standard  cell.  Assume  that  the  E.M.F.  of 
the  standard  cell  is  1*434  volts,  and  that  the  point  at  which 
the  slider  stands,  for  brevity  usually  termed  the  "  reading," 
is  760  divisions.  Therefore  760  divisions  equal  1'434 
volts  and  one  division  will  therefore  be  equal  to  yj^^  of 
1*434  volts.  The  standard  cell  is  tlien  removed  and  its 
place  taken  by  the  cell  to  be  tested.  The  same  procedure 
is  followed  and  a  place  is  accordingly  found  where  there  is 
no  deflection.  Let  this  reading  be  580  divisions.  The 
difference  of  potential  per  division  has  already  been  found 

to  be  ~,jnK-  volts,  therefore  580  divisions  represent  580 

times  as  much.     The  E.M.F.  of  the  cell  is  therefore — 

580  X  \^^  =  1*094  volts. 

The  operation  of  finding  the  null  point  is  very  greatly 
simplified  by  the  fact  that  the  direction  and  magnitude 
of  the  deflection  are  determined  by  the  distance  of  the 
slider  from  the  point  of  balance.  In  the  case  cited  the 
galvanometer  would  be  deflected  by  the  main  battery  over- 
powering the  standard  cell  if  the  slider  occupied  a  position 
to  the  right  of  the  balance.  This  deflection  would  be 
largest  at  1000,  and  would  gradually  reduce  in  value  until 
it  vanished  at  the  null  point,  which  in  this  case  is  760. 
Upon  the  other  side  of  the  null  point  the  standard  cell 
would  have  a  path  along  the  slide  wire,  thus  giving  a 
reverse  deflection,  and  the  deflection  would  gradually 
increase  until  it  reached  a  maximum  at  0. 

The  accuracy  of  the  method  is  only  limited  by  the 
accuracy  with  which  the  slide  wire  divisions  can  be  read. 
This  may  greatly  be  increased  by  the  use  of  a  vernier. 
There  are,  however,  two  distinct  assumptions  made  in  the 
course  of  the  tests,  firstly  that  the  current  flowing  along 
the  slide  wire  is  absolutely  invariable,  and  secondly  that 
the  slide  wire  is  absolutely  uniform  in  resistance.  The 
first  assumption  holds  good  if  a  secondary  cell  or  cells  are 
employed    and    the    measurements   are    taken    in    rapid 
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succession.  The  second  one  is  not  so  readily  met,  the  wire 
never  is  uniform,  and,  even  if  it  were,  it  would  very  soon 
be  damaged  by  continual  use.  This  difficulty  may  be  met 
by  calibration,  i.  e.  determining  the  resistance  of  the  wire 
between  a  large  number  of  points. 

Consideration  will  show  that  the  cell  to  be  tested  may 
be  applied  to  the  wire  with  a  second  slider,  whilst  the 
standard  cell  is 'also  connected.  In  this  way,  by  watching 
both  galvanometers  it  can  be  made  quite  certain  that  the 
value  of  the  current  through  the  slide  wire  is  absolutely 
the  same  for  both  tests. 
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Fio.  60.— Rayleigh's  compenBation  irethod  of  measuring  the  E.H.F.  of  a  cell. 

The  potentiometer  methods  of  measurement  loom  very 
large  in  the  future,  for  the  possibilities  of  the  application 
of  the  principles  there  enunciated  render  the  accurate 
measurements  of  E.M.F.  and  current  quite  simple. 

Rayleigo's  Compensation  Method. 

Rayleigh's  compensation  method  of  accurately  com- 
paring the  E.M.F.s  of  two  cells  depends  upon  precisely 
the  same  principle,  but  may  be  carried  out  far  more 
accurately  than  is  possible  with  a  slide  wire,  and,  moreover, 
merely  requires  apparatus  to  be  found  in  any  test  room. 
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Two  boxes  of  coils,  R  and  C  (Fig.  50),  each  of  which  will 
give  any  integral  value  of  resistance  up  to  at  least  10,000*, 
are  connected  together  by  a  short  piece  of  thick  wire  and  a 
current  from  one  or  even  two  secondary  cells  is  caused  to 
flow  through  both  in  series.  The  resistance  between  the 
terminals  of  the  battery  is  kept  constant  at  10,000",  i,e. 
the  resistance  unplugged  in  R  added  to  that  of  C  is  always 
kept  equal  to  10,000".  When  R  is  increased  G  is  reduced 
by  an  exactly  equal  amount.  Tlie  standard  cell,  together 
with  a  highly  sensitive  galvanometer,  a  large  resistance 
coil  T,  and  a  suitable  key,  are  connect,ed  to  the  ends  of  R. 
R  is  then  adjusted  until  no  deflection  is  shown  upon  the 
galvanometer  when  the  key  is  depressed.  With  each 
increase  of  resistance  in  JB,  C  is  decreased  by  exactly  the 
same  amount,  thus  keeping  the  sura  of  R  and  C  constant 
at  10,000(i>.  The  difference  of  potential  between  the  ends 
of  R  is  equal  to  the  E.M.F.  of  the  standard  cell.  The 
value  of  R  is  noted  and  the  cell  to  be  tested  is  then  substi- 
tuted and  R  is  readjusted  until  no  deflection  is  obtained 
when  the  key  is  depressed.  As  in  the  previous  test  7?  and 
C  together  must  be  kept  at  10,000"  during  the  whole 
process. 

The  object  of  the  coil  T,  which  may  have  a  resistiince 
of  from  100,000"  to  200,000",  is  to  prevent  any  large 
value  of  cuiTent  from  flowing  through  the  galvanometer 
and  cell  owing  to  any  accidental  mistake. 

A  numerical  example  of  the  method  is  appended  :  — 
The  standard  cell  E.M.F.  1'434  volts  balanced  when  R 
was   7352"  and  the  cell  under  test  when  R  was  6853". 
What  is  the  E.M.F.  of  the  cell  tested  ? 

7352":  6853":  :  1434  :  E.M.F. 
.-.  E.M.F.  =  ^^  J^-^-^^^  =  1-3367  volts. 

It  may  be  remarked  that  when  R  was  7352"  C  must 
have  been  10(K)0-7352  =  2648«  and  when  0853"  (7  must 
have  been  3147".  The  direction  and  magnitude  of  the 
deflection  obtained  when  altering  R  senses  as  a  guide 
in  finding  the  required  value.  The  actual  operations 
would  probably  be  as  follows  in  the  case  of  the  first 
reading. 
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R. 


R  and  C. 


Direction  of 
deflection. 


5000      !      fiOOO      ,    10,000« 


8000 

2000 

7000 

3000  . 

7500 

2500 

7300 

2700   , 

1 

7400 

i 
2600   1 

7350 

2650 

7355  2645 


7352  2648 


Left 

Right 
Uft 
Right 
Left 
Bight 
Left 

Right 
Nil 


Conclusion. 


This  is  the  direction 
of    the    standanl 
cell's  curreut  r.R 
is  too  small. 
R  too  large.     Value 
lies  between  5000 
and  8000. 
A'  too  small.     Value 
I      lies  between  7000 
I      and  8000. 

R  too  large.     Value 
i      lies  between  7000 
and  7500. 
R  too  small.     Value 
i      lies  bettveeti  7800 
I      and  7500. 
,  R  too  large.     Value 
i      lies  between  7300 
'       ami  7400. 
R  too  small.     Value  | 


I      lies  between  7350 
I      and    7400.      The 
I      deflection     is     so 
'      slight  as  to  show 
that  the  balance  is 
'       very  near. 
72  too  large.     Value 
lies  between  7350 
and  7355. 
Balance  at  7352^ 
i 


Modern  Forms  of  Potentiometer. 

It  may  be  interesting  to  note  the  general  lines  upon 
which  modern  potentiometers  have  been  developed  from 
the  simple  form  previously  described  and  also  to  indicate 
in  a  general  way  the  almost  universal  utility  of  the  arrange- 
ment. For  measurements  in  which  the  E.M.F.  of  the 
standard  cell  and  that  to  be  measured  differ  very  widely 
an  enormous  length  of  carefully  calibrated  slide  wire 
would  be  required.  Moreover  the  possibility  of  any  slight 
damage  rendering  recalibration  nec^essary  is  nmst  serious. 
In  the  Crompton  type  a  single  length  slide  wire  is 
employed,  but  this  is  supplemented  by  fourteen  coils  placed 
in  series  with  it,  each  coil  being  equal  to  one  length  of 
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the  slide  wire.  The  constant  resistance  between  its  ter- 
minals is  therefore  equal  to  fifteen  lengths  of  slide  wire 
and  the  arrangement  corresponds  to  a  slide  wire  fifteen 
times  the  length  of  the  one  provided  and  divided  into 
some  15,000  equal  divisions.  A  radial  contact  arm  moves 
over  the  junctions  of  the  various  coils,  and  this  with  the 
slider,  which  moves  along  the  slide  wire,  form  the  two 
points  between  which  the  standard  cell  and  galvanometer 
are  joined.  If  the  radial  arm  stood  at  11  whilst  the 
slider  stood  at  736  the  reading  would  he  11,736.  A  couple 
of  rheostats  are  included  in  the  circuit  of  the  slide  wire 
and  coils  in  order  to  adjust  the  value  of  the  current  through 
them  from  the  single  storage  cell  employed.  In  this  way 
the  instrument  may  be  made  to  read  direct,  and  thus  save 
a  large  amount  of  time  which  would  otherwise  be  spent 
in  arithmetical  calculations.  Suppose  the  E.M.F.  of  the 
standard  cell  is  I'iM  volts.  The  radial  arm  is  set  at  14, 
whilst  the  slider  is  placed  at  34,  and  by  means  of  the 
rheostats  mentioned,  the  current  is  adjusted  until  no  de- 
flection is  produced.  When  this  is  the  case  each  coil  repre- 
sents yV  volt  and  each  division  y^Vir  "volt.  The  E.M.F.  of  any 
cell  is  then  given  as  one  thousandth  of  the  reading  obtained. 

Any  current  may  be  measured  by  measuring  the  differ- 
ence of  potential  it  produces  across  the  ends  of  a  known 
resistance,  and  standard  resistances  to  take  such  huge 
currents  as  2000  amperes  have  been  designed  for  use 
in  this  way.  Similarly,  high  voltages  may  be  measured  by 
joining  up  to  the  circuit  a  series  of  10,000**  coils  and 
measuring  by  the  potentiometer  the  difference  of  pptential 
across  a  sub-division  of  one  of  them.  For  example,  to 
measure  1500  volts  ten  coils  of  10,000"  each  would  te 
joined  across  the  source  of  E.M.F.  One  of  these  coils 
has  a  tap  at  100",  and  across  its  ends  the  potential  differ- 
ence will  be  x^Vff  ^^  t^6  total  E.M.F.,  i.e.  about  1'5  volts. 
This  difference  is  of  the  same  order  as  the  E.M.F.  of  the 
Clark  cell,  and  it  will  therefore  be  recognized  that  its 
measurement  can  be  carried  out  with  the  utmost  accuracy. 

Messrs.  Nalders,  upon  the  other  hand,  have  gone  still 
further  than  Crompton,  and  have  abandoned  the  slide  wire 
altogether.  In  place  of  the  slide  wire  is  a  series  of  one 
hundred  exactly  equal  resistance  coils,  with  a  radial  arm 
moving  over  their  junctions.     A  second  set  of   150  coils 
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each  equal  to  100  times  the  resistance  of  each  of  the  first 
set  is  connected  in  series  with  the  first  set  and  a  similar 
radial  contact  arm  mo^dng  over  the  junctions  of  the  150 
coils  is  provided.  As  in  the  Crompton  form,  an  adjustable 
rheostat  is  provided  to  obtain  direct  readings  in  volts. 
The  arrangement  corresponds  to  a  slide  wire  with  15,000 
fixed  contacts  and  to  measure  high  voltages  a  potential 
divider  similar  in  principle  to  that  already  described  is 
employed.  The  absence  of  a  slide  wire  is  distinctly 
desirable  since  it  is  obviously  liable  to  injury,  but  at  the 
same  time  it  may  be  remarked  that  its  presence  means 
superior  fineness  of  adjustment. 

The  potentiometer  is  of  almost  limitless  value  in  accurate 
electrical  measurements,  whilst  the  principles  underlying 
its  use  are  as  simple  as  they  are  valuable.  The  methods 
described  may,  however,  be  carried  out  by  means  of  a  few 
sets  of  resistance  coils  or  Wheatstone  Bridges  (as  in  the 
Rayleigh  method  of  measuring  E.M.F.).  The  beautiful 
instruments  above  described  are  luxuries,  and  though 
they  are  now  found  in  good  laboratories  they  may  be 
substituted  as  mentioned. 

Summary  of  Methods  of  Measuring  E.M.F. 
The  tabular  statement  below  gives  a  summary  of  the 
methods  discussed. 


MeUiod. 


E.M.F.s  of  cells  coiupanxl  are 
proportional  to- 


Type  of  galvanometer  , 
to  be  employed. 


I 

'  Direct  defection  .  The  deflections  produced  upon 
a  high  resistauco  galvano- 
meter. 


I 


Ei[Ual  current 


I 


Wiedemanns 


Rayleigh 


The  cxteinal  resistances  of 
the  circuit  under  the  two 
conditions. 

Respectively  to  the  sum  and 
to  the  difference  of  the  two 
deflections. 


Potentiometer      .     Readings  obtained. 


Tangent     or     re- 
flecting'. 


Any  tyiK5,  i)rovided 
it  is  sufliciently 
sensitive. 

Tangent  or  re- 
flecting. 


Any  highly  sensi- 
tive tyiie.  I 


Resistances  in  the  first  box.      i  Ditto. 
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Measurement  of  Internal  Resistance. — ^Half-Deflection 

Metuod. 

The  "  half  deflection  "  method  of  measuring  the  internal 
resistance  of  a  cell  or  battery  is  one  of  the  simplest  and 
easiest  tests  to  carry  out.  The  only  apparatus  required 
is  a  tangent  or  a  reflecting  galvanometer  and  a  set  of 
resistance  coils. 

The  principle  of  the  method  may  be  stated  as  follows  : — 
If  the  current  through  a  circuit,  due  to  a  constant  E.M.F., 
is  halved,  then  the  resistance  of  that  circuit  must  have 
been  doubled.  For  instance,  20  volts  applied  to  a  circuit 
having  a  total  resistance  of  1000**  produces  a  current  of 
20  m.a.  Now  the  resistance  of  the  circuit  must  clearly  be 
doubled  in  order  to  reduce  the  current  to  half  its  former 
value,  viz.  to  10  m.a.  Firstly  it  will  be  well  to  consider 
the  simplest  case  in  which  the  resistance  of  the  galvano- 
meter is  far  less  than  the  internal  resistance  of  the  battery 
and  in  which  the  battery  connected  to  the  galvanometer 
gives  a  convenient  deflection  without  the  aid  of  added 
resistance. 

The  cell  or  battery  to  be  tested  is  joined  up  in  series 
with  the  galvanometer,  a  key,  and  a  set  of  resistance  coils. 
No  resistance  is  inserted  in  the  resistance  box,  and,  upon 
completion  of  the  circuit,  a  large  and  easily  read  deflection 
is  obtained.  This  deflection  is  then  reduced  to  half  its 
former  value  by  introducing  resistance  into  the  circuit  by 
means  of  the  set  of  coils.  When  this  has  been  done  the 
resistance  unplugged  is  equal  to  the  internal  resistance 
of  the  battery  or  cell.  This  is  obviously  so  since  the  total 
resistance  of  the  circuit  was  at  first  equal  to  the  internal 
resistance  of  the  battery  or  ceU  tested  (galvanometer 
resistance  and  resistance  box  assumed  to  be  negligible). 
In  the  second  case  the  resistance  unplugged  doubled 
the  resistance  of  the  circuit,  therefore  this  amount  must 
be  equal  to  the  resistance  of  the  circuit  before  it  was 
inserted. 

The  conditions  here  laid  down  are  readily  fulfilled  by  a 
reflecting  galvanometer  shunted  by  ^a  few  inches  of  No. 
20  copper  wire.  This  sufficiently  reduces  the  sensitive- 
ness of  the  galvanometer  and  at  the  same  time  renders  its 
resistance  quite  negligible. 
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The  next  case  to  he  considered  is  where  the  resistance 
of  the  galvanometer  cannot  he  neglected  and  where  resist- 
ance has  to  be  added  to  the  circuit  to  obtain  a  satisfactory 
deflection.  These  values  are  noted,  and  the  resistance 
raised  until  the  deflection  in  tangent  divisions  is  halved. 
In  this  case  the  resistance  of  the  circuit  has  obviously  been 
doubled  since  the  current  through  the  circuit  is  reduced  to 
one  half.  Now  the  addal  resistance  is  therefore  equal  to 
the  resistance  of  the  circuit  before  its  addition,  i,  e.  it  is 
equal  to  the  internal  resistance  of  the  battery,  the  resist- 
ance of  the  galvanometer  and  the  resistance  inserted  in  the 
rheostat  for  the  first  test,  added  together. 

Example, — The  P.  0.  tangent  galvanometer  shunted  :j^th 
is  joined  up  with  40**  in  the  rheostat  and  a  deflection  of 
180  divisions  is  produced.  This  is  reduced  to  90  divisions 
by  raising  the  resistance  in  the  box  to  150". 

What  is  the  internal  resistance  of  the  battery  ? 

Resistance  added  in  box  =  150  —  40  =  110". 
Added  resistance  =  Battery  +  Galvo.  +  Res.  in  box  for 
1st  test. 

i.  e.  110    =  Battery  +  8+40 

110    =  Battery  +  48 
.*.  Internal  resistance  =110  —  48  —  02". 

The  rule  for  finding  the  internal  resistance  from  the 
above  data  has  been  designedly  omitted,  since  it  is  usually 
memorized  to  the  obscurement  of  the  very  simple  and 
useful  principles  involved  in  the  test. 

The  best  conditions  for  the  accuracy  of  the  result  of  the 
half-deflection  method  are  when  the  resistance  of  the 
external  circuit  in  the  first  test  is  as  small  as  possible  as 
compared  with  the  internal  resistance  of  the  battery  to  be 
tested.  This  will  readily  be  seen  to  be  so  by  consideration 
of  a  case  in  which  a  large  departure  from  the  best  con- 
ditions is  made.  The  whole  question  turns  upon  the 
accuracy  with  which  the  galvanometer  deflection  can  be 
read.  This  will  usually  be  to  about  one  half  of  one  per 
cent.  For  instance,  a  deflection  which  was  actually  99 1 
or  100^^  would  be  read  as  100,  because  the  divisions  are  so 
small  that,  in  the  two  cases  cited,  the  divergence  from  100 
divisions  is  too  slight  to  be  seen  and  appraised.      It  will 


BATTERY  TESTING  145 

now  be  necessary  to  investigate  the  effect  of  this  possible 
error  in  reading  the  deflection  upon  the  result  obtained 
from  testing  a  battery  under  conditions  which  differ 
widely  from  those  laid  down. 

For  simplicity  it  will  be  assumed  that  the  first  deflection 
produced  is  accurately  200  divisions  and  that  the  second 
one  is  (1)  actually  100^  and  (2)  actually  99|  whilst  both 
are  read  as  100.  Taking  the  external  resistance  for  the 
first  test  as  9936"  and  the  battery  as  64"  as  before,  the 
value  of  the  resistance  added  to  produce  100  divisions  is 
clearly  10,000".  The  values  of  the  total  resistance  cor- 
responding to  100|  and  99 1  are  respectively  19,950"  and 
20,050".  Deducting  the  internal  resistance  of  the  battery 
the  values  of  the  external  resistances  are  19,886"  and 
19,986",  thus  giving  the  resistance  of  the  battery  :— 

(1)  Resistance  for  second  test       19,886" 
Resistance  first  test  9,936 


added  resistance  9,950 


Internal  resistance  =  9,950  -9,936  =--  1-^. 

(2)  Similarly  :— 

Internal  resistance  —  114". 

It  will  therefore  be  seen  that  in  the  case  shown  an  error 
of  one-half  of  one  per  cent,  in  reading  the  deflection  pro- 
duces results  which  differ  by  100".  Another  way  of  stating 
the  result  which  has  been  deduced  theoretically  is  to  say 
that  the  value  of  the  resistance  inserted  in  the  rheostat 
may  be  varied  within  the  extreme  limits  of  100"  without 
visibly  affecting  the  value  of  the  deflection.  In  making  a 
test  it  should  always  be  ascertained  within  what  limits  the 
resistance  may  be  varied,  since  this  at  once  gives  the 
accuracy  to  be  expected  in  the  result. 

Applying  the  same  method  to  the  example  of  the  test 
given  upon  page  144,  it  will  be  found  that  the  resistance 
of  the  battery  lies  between  61"  and  63",  a  possible  error 
of  about  3%.  Although  this  result  would  probably  be  of 
sufficient  accuracy  for  ordinary  tests,  its  magnitude  would 
have  been  considerably  reduced  by  a  closer  observance  of 
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the  best  conditions,  viz.  that  the  resistance  of  the  external 
circuit  for  the  first  test  should  be  nil. 


Diminished  Deflection  Direct  Method. 

This  method  is  very  similar  to  the  haU-deflection  method, 
and  may  be  said  to  be  little  more  than  an  obvious  extension 
of  it.  In  practice  it  is  often  inconvenient  to  exactly  halve 
a  deflection ;  for  instance,  in  measuring  the  resistance  of  a 
single  cell  one  may  not  happen  to  have  resistance  coils 
arranged  in  sufficiently  small  fractions  of  an  ohm  to 
reduce  the  deflection  to  exactly  one-half.  The  problem 
therefore  assumes  a  slightly  more  complex  form.  The 
connections  are  precisely  as  in  the  half -deflection  method. 
The  resistance  in  the  rheostat  is  adjusted  until  a  convenient 
deflection  is  obtained,  and  this  resistance  is  then  raised 
until  the  deflection  is  materially  reduced,  preferably  to 
about  one  third  of  its  former  value.  Unfortunately,  the 
resistance  of  the  batteiy  cannot  be  reasoned  out  from  first 
principles  without  the  aid  of  algebra.  The  formula 
derived  is  : — 

Internal  resistance  =  -^-^ r^— ^  —  G 

where  d^  is  the  deflection  obtained  with  B^  ohms  in  the 
rheostat  through  a  galvanometer  of  G  ohms  resistance  and 
^2  is  the  deflection  given  when  the  resistance  in  the  box 
has  been  raised  to  B^  ohms. 

Example, — 85  divisions  is  obtained  with  20*;  in  the 
resistance  box  through  a  galvanometer  of  15"  resistance, 
and  30  divisions  is  obtained  when  the  resistance  in  the  box 
is  raised  to  300".  What  is  the  internal  resistance  of  the 
battery  ? 

J  ,        1       .  ,  30  X  300-85  X  20      ,p 

Internal  resistance  =  —    —  qa     ~     —  15 

=  117*7"  approx. 

The  best  conditions  for  this  test  are  when  the  smaller 
deflection  is  exactly  one-tliird  of  the  larger,  and  when  the 
galvanometer  resistance  and  the  resistance  first  unplugged 
in  the  box  are  as  low  as  possible. 
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Thomson  Method. 

The  Thomson  method  consists  in  obtaining  equal  de- 
flections upon  a  galvanometer,  firstly  with  a  resistance 
connected  across  its  terminals,  and  secondly  with  resist- 
ance inserted  in  series  with  the  Lattery  and  galvanometer. 
The  test  may  be  carried  out  with  a  couple  of  rheostats  and 
two  keys,  or  with  a  Wheatstone  bridge.  The  connections 
in  the  former  case  are  shown  in  Fig.  51. 


<i>^-^^ 


^11 


Flo.  51.— Thomson's  method  of  ineasuriug  the  internal  resistance  of  a  battery. 

The  keys  Ki  and  K.,  are  closed  and  the  resistance  in  iS  is 
adjusted  until  a  deflection,  as  near  the  angle  of  maximum 
sensitiveness  as  possible,  is  obtained  whilst  R  stands  at  0. 
The  deflection  is  then  reproduced  by  adding  resistance  in 
7^  until  exactly  the  same  deflection  as  before  is  obtained. 
For  this  purpose  only  K^  is  closed.  When  this  has  been 
done  the  resistance  of  the  battery  is  equal  to  the  product 
of  the  resistances  employed  at  R  and  S  divided  by  the 
resistance  of  the  galvanometer. 

In  practice  there  is  a  great  deal  of  risk  in  employing 
this  method,  since  the  accuracy  of  the  test  depends  to  a 
remarkable  degree  upon  the  olDservance  of  the  best  con- 
ditions. The  shunt  resistance  should  be  less  than  the 
internal  resistance  of  the  battery,  and  R  should  be  as  large 
as  possible.  Assuming  that  the  galvanometer  deflection 
can  be  read  to  one  per  cent.,  the  degree  of  accuracy  obtain- 
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able  is  approximately  one   per  cent.,  with  the  following 

values  : — 

Galvanometer  resistance,  250*,  shunt  10*,  and  R^  5000". 

Internal  resistance  = — — =  200". 

250 

Had  S  been  100"  the  error  might  have  amounted  to  2%. 

The  usual  arrangement  of  this  test  is  slightly  more  com- 
plex than  the  one  given  above.  Resistance  is  inserted  in 
R  when  the  deflection  is  obtained  with  S  across  the  poles 
of  the  battery.  The  key  K^  is  opened  and  R  is  again 
adjusted  until  the  same  deflection  is  produced.  When 
this  is  the  case  the  resistance  of  the  battery  (r)  is  equal 
to  the  second  value  of  R  (R.^)  minus  its  first  value  (/?,) 
di-^dded  by  the  sum  of  the  galvanometer  resistance  and  the 
resistance  in  the  rheostat  for  the  first  test  Ri : — 

R,  +  G 

As  previously  remarked  S  should  be  less  than  the  battery 
resistance  and  i?2  should  be  as  large  as  possible,  Ri  added 
to  the  galvanometer  resistance  should  be  a  slightly  smaller 
proportion  to  the  sum  of  (7  +  7?.^  than  that  of  iS  to  G. 
1'he  following  example  indicates  the  necessary  relative 
values : — 

R^  -  :15()'-,  7^.,  =  0,2(K)",  S  -  20",  r;  -200" 

,  -..;  20  X  ^-^-^-^^  -  ^^"l 

.^50  +  200 
•  -  212*7". 

When  /?!  —  0  the  formula  becomes — 

By  making  S  equal  to  the  galvanometer  resistance  r 
becomes  equal  to  7?2  simply.  It  is,  however,  most  un- 
desirable to  do  this,  as  serious  errors  result  from  the 
departure  from  the  best  conditions  which  the  simplification 
of  the  formula  entails. 

The   Thomson   method,   above  all  others,   needs  great 
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rapidity  of  measurement  to  avoid  polarization  troubles. 
The  shunt  resistance  is  always  low  as  compared  with  the 
resistance  of  the  battery,  and  heavy  currents  therefore 
result. 

WflEATSTONE    BRIDGE   MeTHOD. 

Another  method  of  measuring  the  internal  resistance  of  a 
battery  is  to  divide  it  into  two  halves  and  join  these  two 
halves  up  so  that  their  E.M.F.s  oppose.  The  battery  is 
then  joined  up  to  a  Wheatstone  bridge  in  the  ordinary  way 
and  measured  like  a  simple  resistance,  but  both  directions 
of  current  must  be  employed.  The  resistance  of  the  battery 
is  then  equal  to  the  square  root  of  the  product  of  the  resist- 


Fio.  52.— Huirhead's  method  of  measuring  the  internal  resistance  of  a  battery. 

ances  required  to  balance  in  the  two  cases.     The  method 
is  one  of  considerable  accuracy. 


Muirhead's  Method. 

The  internal  resistance  of  a  cell  or  battery  can  be 
deduced  from  the  principles  which  were  discussed  in 
Chapter  II.  It  was  there  shown  that,  knowing  the  E.M.F. 
of  a  cell  and  the  difference  of  potential  across  its  terminals 
when  joined  by  a  resistance  of  known  value,  its  internal 
resistance  could  readily  be  determined. 

A  method  of  doing  this,  invented  by  Kempe  and  slightly 
modified  by  Dr.  Muirhead,  is  one  of  the  best  which  has  yet 
been  devised,  since  by  very  slight  alterations  the  E.M.F.  and 
internal  resistance  of  a  battery  may  be  measured  whilst  the 
latter  is  actually  working. 

A  condenser  and  preferably  a  ballistic  galvanometer  are 
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joined  up  with  a  shunt  resistance,  two  keys,  and  the  battery 
to  be  tested,  as  indicated  in  Fig.  52.  Firstly,  K2  is  de- 
pressed, thus  producing  a  throw  (d^)  upon  the  galvano- 
meter. This  is  noted  and,  still  holding  K2  down,  Ki  is 
also  depressed,  resulting  in  a  throw  (d^)  in  the  opposite 
direction.     The  internal  resistance  of  the  battery  is  then 

di  —  d^ 

In  practice  d^  should  be  approximately  three  times  cig,  in 
order  to  obtain  the  maximum  amount  of  accuracy. 

The  theory  of  the  test  is  fortunately  very  simple.  When 
K2  is  depressed  the  condenser  is  given  a  charge  propor- 
tional to  the  E.M.F.  of  the  battery.  This  charge  passes 
through  the  galvanometer  and  produces  a  deflection  pro- 
portional to  its  magnitude.  The  depression  of  K^  reduces 
the  potential  between  the  ends  of  the  cell  and  hence  between 
the  ends  of  the  condenser.  The  condenser  partially  dis- 
charges, the  value  of  the  discharge  being  directly  propor- 
tional to  the  reduction  in  the  potential  difference  across  its 
terminals,  which  latter  is  equal  to  that  lost  in  the  cell 
itself. 

A  numerical  example  will  perhaps  best  serve  to  make 
this  clear  : — 

A  deflection  of  300  divisions  was  obtained  upon  depress- 
ing K2  and  100  in  the  reverse  direction  when  ^l^  also  was 
depressed.  If  S  was  20"  what  is  the  resistance  of  the 
battery  ? 

Inspection  shows  that  this  result  is  correct,  but  its  accu- 
racy may  be  checked  by  means  of  the  principles  proved  on 
page  63. 

Resistance  of  Secondary  Cells. 

The  resistance  of  a  secondary  cell  or  battery  cannot 
conveniently  be  measured  by  any  of  the  methods  just 
described,  owing  to  the  extremely  small  resistance  and 
very  large  currents  to  be  dealt  with.  A  fairly  accurate 
test  may,  however,  be  made  with  the  aid  of  a  voltmeter  and 
an  ammeter.     The  battery  is  connected  through  the  am- 
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meter  to  a  discharge  tank,  the  resistance  of  which  is 
adjusted  until  a  current  equal  to  maximum  rate  of  dis- 
charge is  obtained.  The  P.D.  across  the  terminals  of  the 
battery  is  then  taken,  and,  leaving  the  voltmeter  connected, 
the  external  circuit  is  broken  and  the  voltmeter  again  read. 
Example, — ^A  voltmeter  connected  across  the  terminals 
of  a  secondary  battery  indicates  22'6  volts  when  the  current 
passing  was  150  amperes  and  23' 1  upon  open  circuit. 
What  is  the  internal  resistance  of  the  battery? 

E.M.F.  lost  in  battery  =  231  -  226  -  'd"" 

R-=f- .-.  Internal  res.  -    'J,  =  '0033-. 
C  150 


EDEN  BATTERY  TESTING  INSTRUMENTS, 

The  method  chosen  for  testing  batteries  in  a  large 
telegraph  office  must  necessarily  combine  simplicity  of 
manipulation  with  quickness  and  accuracy.  It  must  more- 
over bo  capable  of  dealing  with  different  types  and  different 
numbers  of  cells.  Two  types  of  instrument,  both  of  which 
are  used  in  conjunction  with  the  tangent  galvanometer, 
are  employed  by  the  Post  Office.  The  highly  developed 
instrument  is  used  at  very  large  offices,  whilst  the  simpler 
form  is  employed  where  the  extra  rapidity  gained  by  the 
use  of  the  more  costly  device  is  not  essential.  Throughout 
the  description  which  follows  it  is  assumed  that  the  con- 
stant of  the  galvanometer  has  been  adjusted. 

F.M.F.  Test. 

It  has  previously  been  pointed  out  that  the  E.M.F.s  of 
the  cells  used  by  the  Post  Office  are  : — 

Daniell  I'OS  volts 

Leclanch^       1*62     „ 
Bichromate     2"  16     „ 

The  principle  of  the  test  consists  in  introducing  resist- 
ance, and  in  shunting  the  galvanometer  when  Leclanch^ 
and  Bichromate  cells  are  tested,  so  that  a  deflection  of  100 
divisions  is  produced  upon  one  coil  of  the  galvanometer  if 
the  cells  have  the  maximum  values  of  E.M.F.  given  above. 
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If  the  E.M.F.8  of  the  cells  tested  are  below  the  maximum  a 
correspondingly  reduced  deflection  results.  For  instance, 
a  deflection  of  94  divisions  instead  of  100  would  mean  that 
the  cells  were  6%  below  the  maximum  value.  The  E.M.F.s 
of  the  cells  are  entered  upon  the  records  of  the  tests  as  the 
percentage  falls  from  their  maximum  values. 

The  value  of  the  current  required  to  produce  a  deflection 
of  100  divisions  upon  one  coil  of  a  tangent  galvanometer 
with  a  constant  of  80  divisions  for  two  coils  is  obtained 
thus : — 

40  divisions  on  one  coil  ■-=  1  m.a. 
.-.  100      „  „     „      „    =  2J  m.a. 

The  total  resistance  of  the  circuit,  which  will  have  a  cur- 
rent of  2^  m.a.  due  to  an  E.M.F.  of  108  volts,  is 

•0025  ~  ^"^-^ 

The  same  result  may  be  obtained  by  noting  that  1080 
volts  through  1080*  would  produce  a  deflection  of  40 
divisions  upon  one  coil.  In  order  to  increase  the  deflection 
^  times  the  resistance  must  clearly  be  reduced  to  f  of 
1080  =  432". 

The  internal  resistance  of  the  cells  tested  is  taken  as  3** 
per  cell  irrespective  of  type.  The  error  involved  in  the 
assumption  is  extremely  small  in  view  of  the  very  limited 
range  of  the  resistances  of  cells  used  by  the  Post  Office.  If, 
therefore,  429"  (432" -3-)  is  inserted  with  each  cell  of  a 
battery  having  an  E.M.F.  of  108  volts  per  cell  a  deflection 
of  100  divisions  will  result,  irrespective  of  the  number  of 
cells  composing  the  battery  under  test.  For  instance,  20 
cells  would  have  20  X  429  =  8580"  inserted,  and  with  the 
(30**  internal  resistance  the  current  would  be  2^  m.a.,  which 
produces  100  divisions. 

It  will  be  obvious  that  if  a  10-cell  battery  produces  a 

deflection  of  92  divisions  its  E.:\I.F.  is  10  x  ^'^^^  ^  ^^  volts 

100 

or  the  average  E.M.F.  of  the  cells  composing  it  is    -\       '  ^ 

lUU 
i.  e.  8%  below  the  maximum  value  108. 

Turning  now  to  Bichromate  batteries  it  will  be  noticed 
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that  the  maximum  value  of  the  E.M.F.  per  cell  is  exactly 
Uvice  that  of  a  Daniell  cell.  If,  therefore,  the  galvanometer 
is  shunted  one  half,  and  429"  is  introduced  for  every  cell 
under  test,  a  deflection  of  100  divisions  will  result  pro- 
vided that  the  battery  has  an  E.M.F.  of  2'16  volts  per  cell. 
The  E.M.F.  of  a  Leclanche  is  one  and  a  half  times  that  of 
a  Daniell  cell,  and  if  the  deflection  which  would  result 


Fio.  63.— Internal  connections  of  the  Eden  Battery  testing  iustromeut 


from  the  introduction  of  429**  per  cell  is  reduced  to  f  a 
deflection  of  100  divisions  will  again  result. 

The  resistance  of  one  coil  of  the  galvanometer  is  160", 
and  this  amount  must  of  course  be  deducted  from  the 
resistance  inserted  with  the  cells  under  test.  In  order  that 
the  application  of  the  shunt  shall  not  vitiate  the  test  by 
reducing  the  resistance  of  the  circuit  compensating  resist- 
ances are  employed. 
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Shunt  =  -— ^    -  160« 
160 


Compensating  resistance  =  160  —  -^-  =  80** 

Leclanehe  test  (80**  added  to  galvanometer  circuit) — 
Shunt  =  ^1^  =  480« 


U 


240 


Compensating  resistance  —  160  —  —j   =  0, 

I'o 


Fia.  54.— Principle  of  Eden  Battery  testing  iiistraiuejit. 

Thus,  by  adding  80"  to  the  galvanometer  and  shunting 
this  combination  by  480",  the  value  of  the  deflection  is 
reduced  to  |  of  its  unshunted  value  and  the  joint  resistance 
of  the  whole  arrangement  is  160". 

The  complete  connections  of  the  instrument  itself  are 
shown  in  Fig.  53.  The  radial  arm  of  the  rheostat  R  is 
placed  opposite  the  number  of  cells  under  test  and  inserts 
that  many  times  429"  less  the  resistance  of  the  galvano- 
meter (160").  There  are  23  points  marked  0,  5,  6,  8,  10, 
12,  14,  16,  18,  20,  21,  24,  25,  26,  28,  30,  35,  40,  45,  50,  55, 
and  60  cells.  To  tlie  point  marked  "  5 "  there  is  a 
resistance  of  1985^(429  X  5-160);  to  the  next  point 
429",  and  so  on  in  coils  of  429",  858",  or  2145"  according 
to  whether  the  next  point  is  1,  2  or  5  cells  in  advance  of 
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the  last.     It  should  be  noticed  that  resistance  is  inserted 
he  fore  the  first  point  on  the  rheostat. 

Since  the  internal  resistance  test  employs  both  coils  of 
the  galvanometer  a  set  of  shunts  is  provided  for  each  coil. 
These  shunts  are  controlled  by  a  three-position  switch,  the 
positions  of  which  are  respectively  marked  **  Dan.,"  "  Lee," 
and  "  Bic."  In  the  first  position  the  galvanometer  is  un- 
shunted,  whilst  in  the  second,  the  160"  and  320"  coils  are 
joined  in  series  across  the  SO"  coil  and  galvanometer  (Fig. 
54).  In  the  third  position  the  160"  coil  is  placed  directly 
across  the  galvanometer  coil  with  80"  in  the  direct  circuit. 
The  upper  half  of  the  switch  and  the  upper  set  of  80",  160", 
320"  coils  are  in  connection  with  the  3-1  coil  and  the  lower 
half  with  the  4-circle — 2-circle  coil. 


Internal  ResisTxVNce  Test. 

The  fundamental  principle  upon  which  the  test  for  in- 
ternal resistance  is  based  may  be  stated  as  follows  : — 

The  current  which  a  battery  sends  through  a  given 
resistance  (R)  is  equal  to  the  total  current  flowing  through 
the  given  resistance  (ft)  plus  that  flowing  through  a  shimt 
(S)  upon  it,  if  the  battery  is  also  shunted  by  a  resistance 
(B)  which  bears  the  same  ratio  to  the  internal  resistance 
(r)  of  the  battery  that  the  shunt  (S)  bears  to  the  given 
resistance  (K).  That  is,  if  the  current  flowing  through  R  is 
equal  to  the  sum  of  the  currents  flowing  through  R  and  S 
when  the  battery  is  shunted,  then  : — 

S  :  R  ::  B  :  r 

A  numerical  example  will  serve  to  make  the  relation 
apparent.  A  battery  having  an  internal  resistance  of  50", 
is  connected  to  a  path  having  a  resistance  of  1000".  If  the 
1000^,  path  is  shunted  by  2000",  the  sum  of  the  currents 
in  these  paths  will  be  equal  to  the  current  through  the 
simple  1000"  circuit,  if  the  battery  is  also  shunted  by  a 
resistance  of  100"  : — 

,S  :  R  ::   B  :  r 
i.e.  2000  :   1000  :  :  1(X)  :  50 

Therefore  the  total  value  of  the  currents  passing  through 
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S  and  R  is  equal  to  that  through  B  when  the  battery  is 
unshunted. 

Proof  of  Principle. 

The  principle,  which  has  been  laid  down,  may  be  proved 
to  be  true  by  taking  a  numerical  example  and  ajoplying  the 
laws  governing  joint  resistance  and  division  of  current 
enunciated  in  Chapter  II.  The  following  example  gives 
the  conditions  existing  when  a  battery  of  20  Daniell  cells 
each  having  an  E.M.F.  of  1'08  volts  and  an  internal  resist- 
ance of  3"  is  tested  by  the  instrument. 

Example, — Show  that  the  current  through  a  resistance  of 

8580"  from  a  batterj-  having  an  E.M.F.  of  2r6  volts  and  an 

internal  resistance  of  60"  is  equal  to  that  flowing  through 

8580"  shunted  by  25,740"  if  the  battery  is  also  shunted  by 

180". 

25740  :  8580  :  :  180  :  00 

21*6 
1st  condition.     Current  through  8580"  =^  b^orw — zrr^ 

o5oO  +  bO 

=  2^  m.a. 

2nd  condition.  The  circuits  may  clearly  be  regarded  as 
consisting  of  the  battery  joined  to  180",  8580«,  and  25,740" 
in  parallel,  and  therefore  : — 

Joint  resistance  = — 

180  "^  8580  "^  25,740 
1  8580   .. 

-  42crr9-+  3  =  ^j-  "^^^ 

77,220 

rp^  1  .  21-0  147 

Total  current  -  ^.^^  ^  ^^^  amperes 

49    +  ^" 

9  147  3 

Current  through  8580"     =  /-r  of  -         =     _      amperes 

441         luiM)        1()0() 

Current  through  25,740"  ^    *,  of  ,^.; ^^  -  ,^.^^^^  amperes 

441        10(X)       1000 

Total  current  through  \  _     4     _  ^  i 
8580"  and  25J40"    /  ~  l(i(){)  ~  '^'''  '''•^' 
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This  is  the  value  of  the  current  through  8580*  with  the 
unshunted  battery,  and  therefore  the  truth  of  the  principle 
has  been  demonstrated  in  this  particular  instance.  By 
taking  other  examples,  or  by  the  aid  of  algebra,  the  truth 
of  the  general  relation  may  readily  be  proved. 

With  the  battery  testing  instruments  the  value  of  the 
E.M.F.  deflection  is  first  observed,  and  then  a  key  is 
depressed  which  simultaneously  shunts  the  battery  and 
the  resistance  in  series  with  the  battery.  The  resistance  of 
the  battery  shunt  is  next  altered  by  moving  the  radial 
arms  until  the  depression  of  the  phmger  leaves  the  value 
of  the  E.M.F.  deflection  unchanged.  The  arrangements 
are  conventionally  depicted  in  Fig.  54.  The  E.M.F. 
deflection  is  obtained  through  R  (adjusted  to  the  number 
of  cells  under  test),  and  the  3-1  coil  of  the  galvanometer. 
If  Daniell  cells  are  being  tested  KL  is  short  circuited  and 
^2-<^ircle  cut,  licclanch^  cells  80*  is  joined  between  K  and 
L  with  480*  joined  between  N  and  the  junction  of  the 
coils.  The  other  coil  of  the  galvanometer  is  similarly 
shunted,  according  to  the  type  of  battery  under  test. 

When  the  plunger  K  is  depressed,  the  battery  r  is 
shunted  by  B,  and  the  resistance  R  by  the  coil  S,  Now  the 
galvanometer  is  so  joined  up  as  to  indicate  the  sum  of  the 
currents  through  R  and  S.  When  the  depression  of  the 
plunger  leaves  the  value  of  the  deflection  unaltered 

(S  +  100)  :  {R  +  100)  ::  B  :  r 

The  100"  added  to  each  resistance  is,  of  course,  that  of 
the  one  coil  of  the  galvanometer  which  is  included  in  each 
circuit.  Now  R  is  equal  to  428"  multiplied  by  the  number 
of  cells  under  test  (??)  whilst  S  is  made  equal  to  GO  times 
429.  The  total  internal  resistance  (?•)  of  the  battery  is  also 
proportional  to  the  number  of  cells  tested.  Since  the 
shunting  power  of  the  fixed  resistance  S  upon  R  is  pro- 
portional to  the  number  of  cells  under  test,  whilst  the 
shunting  power  of  B  with  respect  to  r  is  also  proportional 
to  the  number  of  cells  under  test,  it  will  be  seen  that  B 
does  not  depend  upon  the  number  of  cells  tested.  The 
proportion  may  be  written  : — 

{R  +  100)  :  (S  +  100)  ::  r  :  B 
i.  e,  {n  X  429)  :  (GO  x  429)  :  :  n  x  r^  .  B 
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•   B  =  ^^  ^  ^^^  X  n  X r, 
nx429 
i.  c.  J5  -  60  x  ri 

In  other  words,  the  resistance  of  the  battery  shunt  to 
produce  equality  of  deflection  is  always  equal  to  sixty  times 
the  resistance  per  cell,  and  is  quite  independent  of  the 
number  of  cells  under  test. 

Example, — Show  that  the  resistance  of  the  batteiy  shunt 
to  obtain  a  balance  is  sixty  times  the  resistance  per  cell  (a) 
when  20  Daniell  cells  having  a  total  resistance  of  GO" ;  {h) 
when  60  Daniell  cells  having  a  total  resistance  of  300",  are 
tested 

(«)  (R  +  160)  =  20  X  429  =  8580" 

(S  +  160)  =  25,740" 

25,740  :  8580  : :  B  :  60 

8,580  :  25,740  : :  60  :  B 

.     „  _  25,740  X  60  _  ,of. 

•    -^ 8580        -^^ 

which  is  sixty  times  the  resistance  per  cell. 

(6)  (R  +  160)  =  60  x  429  =  27,740 
(S+ 160)  =  25,740 
25,740  :  25,740  ::  B  :  300 
.  • .  B  =  300",  which  is  60  x  7\. 

If  therefore  a  series  of  60"  coils  is  provided  so  that 
I,  2,  3,  4,  etc.,  of  these  coils  may  be  included  in  the  circuit 
at  will,  and  these  points  are  marked  1",  2",  3",  4",  etc.,  it 
will  be  evident  that  the  internal  resistance  per  cell  of  the 
battery  under  test  may  at  once  be  read  off  from  the  position 
of  the  arm.  If  also  a  series  of  6"  coils  is  provided,  the 
resistance  of  the  cells  may  be  read  off  to  tenths  of  an  ohm 
per  cell. 

Referring  again  to  Fig.  53,  it  will  be  seen  that  the 
rheostat  B  contains  ten  6"  and  ten  60"  coils,  thus  enabling 
B  to  assume  any  resistance  from  6"  (corresponding  to  "1" 
per  cell)  up  to  660"  (correspojiding  to  11"  per  cell).  In 
this  way  the  resistance  of  any  battery  may  be  found  to  the 
tenth  of  an  ohm.  For  instance,  a  resistance  of  4*7"  w^ould 
require  4  X  60"  +  7  X  6"  =  282"  for  B,  the  upper  radial 
arm  of  B  thus  being  placed  at  4,  and  the  lower  at  7. 
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In  Fig.  53  it  will  be  observed  that  the  first  four  Q^  and 
the  first  two  60*  coils  are  sho^vn  separately.  These  i-oils 
are  of  mucli  thicker  wire  than  the  remainder,  so  that,  when 
cells  of  low  internal  resistance  are  tested,  tlie  resulting 
heavy  currents  may  not  cause  undue  heating.  It  will  also 
be  evident  that  the  radial  arms  should  always  be  kept  in 
the  extreme  positions  corresponding  to  maximum  resist- 
ance (11**)  and  maximum  number  of  cells  tested  (60). 
Serious  heating  of  the  coils  would  result  if  this  precaution 
were  not  taken.  Dry  cells  should  not  be  tested  by  the 
instrument  on  account  of  their  very  low  internal  resistance 
and  the  large  currents  which  would  result  during  the 
resistance  test.     The  difficulty  may  be  obviated  to  some 


Fio.  56.— Bden  Battery  teaiing  in.strumeiit. 

extent  by  placing  R  at  four  or  five  times  the  number  of 
cells  actually  under  test,  and  then  dividing  the  result  by 
4  or  5  as  the  case  may  be. 

The  accuracy  of  the  E.M.F.  deflection  depends  upon  the 
accuracy  of  the  constant  of  the  galvanometer,  and  before 
any  tests  are  made  the  standard  cell  should  be  employed 
in  the  usual  manner  to  obtain  the  constant. 

The  external  appearance  of  the  instrument  is  illustrated 
by  Fig.  55. 

Battery  Testing  Board. 

The  connections  of  this  instrument  are  shown  in  skeleton 
in  Fig.  56  and  in  detail  in   Fig.  57.      The  radial   arm 
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rheostats  are  replaced  by  two  six-plug  resistance  boxes, 
B  and  R.  R  consists  of  six  coils  marked  1,  2,  4,  8,  16, 
and  32  respectively.  The  resistance  of  the  first  coil  is 
269«,  and  this  cannot  be  plugged  out  of  circuit,  whilst  the 
resistances  of  the  remaining  coils  are  1,  2,  4,  8,  16,  and  32 
times  429**.     The  number  of  cells  to  be  tested,  minus  one. 


FiQ.  5d.— Princi|»lo  of 
battery  testing  board. 
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Fia.  57.— Bnttery  testing  board  connections. 


is  unplugged  in  R.  The  battery  shunt  coils  are  marked 
•2",  -4",  -8",  rO",  3-2",  and  6-4«-,  and  are  ^vound  to  resist- 
ances of  12",  24",  48",  96",  192",  and  384"  respectively. 

As  shunts  are  not  employed  the  deflections  obtained  are 
200,  150,  and  100  with  Bichromate,  Leclanch^  and  Daniell 
batteries  respectively.     The  percentage  fall  is  read  in  the 
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ordiDary  way  in  the  case  of  Daniells,  divided  by  two  for 
Bichromates,  and  obtained  from  tables  with  Leclanch6 
batteries. 

The  internal  resistance  is  the  sum  of  the  resistances 
marked  upon  the  blocks  from  which  pegs  have  been  removed 
to  obtain  a  balance. 

The  principle  of  the  test  has  already  been  fully  dealt 
with  in  the  case  of  the  more  complex  instrument. 


CHAPTER  V 
SINGLE  CURRENT  SYSTEMS  AND  RELAYS. 

Earth  Return. 

TWO  conducting  paths  are  required  between  the  battery 
and  the  apparatus  to  be  actuated  by  the  current,  in 
order  that  the  circuit  may  be  complete.  For  one  of  these 
paths  the  earth  itself  is  employed,  thus  saving  the  extra 
cost,  extra  battery  power  and  the  extra  liability  to  faults 
which  the  second  wire  entails.  The  earth  return  may  be 
regarded  as  a  perfect  path  having  no  resistance. 

There  are  two  theories  in  regard  to  the  behaviour  of  the 
earth  as  a  return  current  conductor.  The  first  considers 
the  earth  a  vast  reservoir  of  electricity  and  therefore 
obviaUes  the  necessity  of  imagining  that  each  current 
returns  directly  to  its  own  battery.  An  analogy  of  a 
long  pipe,  with  both  ends  dipping  into  the  sea,  and  con- 
taining a  rotary  pump  will  serve  to  illustrate  this  theory. 
Imagine  that  the  pipe  is,  say,  ten  miles  long  and  that  it  is 
full  of  water.  The  pump  is  worked  and  water  is  picked 
up  from  the  sea  at  one  end  and  discharged  back  again  at 
the  other.  Let  the  rate  be,  say,  a  gallon  a  minute.  Every 
minute  then  sees  one  gallon  of  water  picked  up  at  one  end 
of  the  pipe  and  a  precisely  equal  quantity  discharged  at 
the  other.  Water  momentarily  accumulates  in  the  sea  at 
one  end  and  its  quantity  is  reduced  at  the  other.  The 
adjustment  is  one  of  general  level  between  the  two  places, 
and  it  is  therefore  not  a  case  of  an  identical  gallon-a-minute 
stream  going  back  through  the  sea  in  the  same  fonn  that 
it  passed  through  the  pipe.  So  with  an  electric  circuit ; 
at  one  end  electricity  is  continuously  passed  into  the  earth, 
and  at  the  other  continuously  passes  out  in  exactly  equal 
quantity,  the  adjustment  being  one  of  level  merely  between 
the  two  ends  of  the  circuit. 
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The  second  theory  and  probably  the  more  correct  one  is 
that  the  current  actually  traverses  the  earth  which,  on 
account  of  the  vast  volume  of  material  between  the  two 
plates,  forms  a  path  of  practically  no  resistance.  There 
are  one  or  two  difficulties  which  may  at  the  outset  be 
detailed  and  explained.  Let  there  be  three  circuits  work- 
ing between  Manchester  and  Liverpool  and  let  two  of  these 
send  15  ma.s.  to  earth,  whilst  one  is  receiving  15  ma.s. 
from  earth.  Two  currents  in  opposite  directions  cannot 
exist  in  one  conductor  at  the  same  time,  any  more  than 
two  trains  can  travel  between  two  places  in  opposite 
directions  upon  a  single  set  of  metals.  It  is  therefore 
impossible  to  imagine  that  these  currents  in  reverse  direc- 
tions cross  each  other.  The  explanation  is  that  the  bat- 
teries combine  at  the  sending  end,  and  it  is  only  the 
balance  of  current  which  is  conveyed  by  the  earth.     The 
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FiQ.  58.— Principle  of  earth  return. 


conditions  are  shown  clearly  in  Fig.  58.  The  current 
actually  flowing  through  the  earth  is  in  this  case  15  m.a. 
Batteries  1  and  2  may  be  imagined  as  connected  in  series 
to  a  circuit  consisting  of  A  as  direct  circuit,  and  B  as 
return  circuit  also  connected  in  series,  and  the  earths 
entirely  ignored.  This  argument  gives  precisely  the  same 
value  of  current  in  each  circuit,  but  with  opposite  direc- 
tions. The  remaining  battery  sends  its  whole  15  m.a. 
via  C  and  earth.     This  simple  explanation,  although  illus- 
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trating  the  general  principle,  is  not  quite  correct ;  the 
obvious  objection  being  that  there  is  no  reason  why  battery 
2  should  combine  with  1  rather  than  3.  The  fact  is  that 
it  combines  with  both.  Batteries  2  and  3  each  send 
7^  m.a.  to  earth,  whilst  the  15  m.a.  going  to  the  negative 
of  1  is  made  up  of  the  remaining  7^  m.a.  from  battery  2, 
and  7^  m.a.  from  battery  3.  A  careful  consideration  of 
any  required  combination  will  show  that  the  batteries 
combine  in  series  as  far  as  possible,  and  that  the  earth 
then  conveys  the  balance  of  current. 

At  all  large  oflSces  a  very  considerable  number  of  circuits 
are  always  simultaneously  sending  and  receiving  currents 
of  varying  directions  and  magnitudes,  and  as  these  currents 
are  all  dealt  with  by  the  same  earth  connection,  the  truth 
of  the  explanations  given  above  will  be  realized.* 

Earth  Connection. 

The  earth  connection  is  made  by  sinking  a  galvanized 
iron  plate  2'  &'  square  into  the  ground.  Soldered  to  the 
plate  is  a  stranded  copper  wire  and  to  this  the  earth  con- 
nection from  the  instruments  is  led.  At  a  large  office 
several  plates  are  simk  and  all  are  connected  together  in 
order  to  form  a  connection  to  earth  of  the  least  possible 
resistance.  The  plates  should  be  sunk  in  damp  ground, 
and  where  this  cannot  be  obtained  recourse  must  be  had  to 
neighbouring  watercourses.  At  local  offices  the  earth  con- 
nection is  often  made  by  screwing  a  clip  on  the  water 
pipes.  If  gas  pipes  are  employed  the  connection  should 
be  made  upon  the  road  side  of  the  meter.  No  earth  which 
has  a  resistance  exceeding  10*  can  be  considered  as  effi- 
cient. For  very  large  offices  this  figure  is  altogether  too 
high,  and,  as  previously  mentioned,  several  separate  earths 
are  used. 

Electromagnet. 

Since  iron  conducts  lines  of  force  far  better  than  air,  the 
introduction  of  iron  into  the  magnetic  circuit  or  path  of 

*  It  is  qnite  open  to  quostion  whctbor  any  real  diflference  exists  between 
the  two  theoiies  given.  Using  the  analogy  of  the  pipe  and  rotary  pump 
it  may  be  pointed  out  that,  if  the  flow  of  water  is  very  consideraDle,  a 
strong  current  would  sot  in  between  the  ends  of  the  pipe. 
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the  lines  of  force  greatly  increases  their  number.  In  order 
to  obtain  a  magnetic  field  of  considerable  strength,  from  a 
comparatively  small  current,  it  is  necessary  to  have  a  large 
number  of  turns  of  wire  and  to  introduce  into  the  magnetic 
circuit  as  small  an  air-gap  as  possible. 

An    electromagnet    and    armature    are    conventionally 


Fio.  59.— Magnetic  circnit  of  a  sounder. 


depicted  in  Fig.  59,  the  path  of  the  lines  of  force  being 
indicated  by  the  dotted  line.  In  order  that  the  circuit 
may  be  as  shown,  the  polarities  of  the  upper  ends  of  the 
cores  must  be  opposite  in  character — a  result  which  is 
readily  obtained  by  reversing  the  direction  of  winding  in 
the  case  of  the  second  core.  Under  the  conditions  illus- 
trated in  the  figure,  the  top  of  the  left  core  is  North  and 
the  top  of  the  right  core  South. 

North  Pole  of  Solenoid. 

The  hand  rule  given  upon  page  10  shows  how  the 
direction  in  which  the  N.  pole  of  a  needle  moves  may 
be  predicted  when  a  current-conveying  wire  is  placed  above 
or  below  it.  This  rule  applies  in  a  similar  fashion  for 
finding  the  N.  end  of  a  solenoid.  The  right  hand  is 
placed  round  the  solenoid  so  that  the  current  is  flowing  in 
the  direction  of  wrist  to  fingers,  and  the  outstretched  thumb 
will  then  indicate  the  north  end  of  the  solenoid. 

The  result  of  energizing  the  electromagnet  is  that  the 
armature  is  attracted.     This  may  be  regarded  as  the  result 
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of  the  tension  along  the  lines  of  force  which  causes  them 
to  shorten  by  producing  a  downward  movement  of  the 
armature.  It  may  also  be  regarded  from  the  point  of  view 
that  the  armature  assumes  an  induced  polarity  as  shown 
by  the  figure,  and  that  attraction  results. 

Residual  Magnetism  and  Retentivity. 

Soft  iron,  more  than  any  other  material,  is  subject  to 
residual  magnetism ;  in  the  case  of  a  very  long  rod  or 
wire,  it  has  been  found  that  upon  disconnecting  the 
magnetizing  current  93%  of  the  magnetism  remained. 
The  smallest  mechanical  vibration  or  the  use  of  an 
extremely  small  opposing  magnetizing  force,  however,  at 
once  reduces  the  value  of  the  residual  magnetism  to  zero. 

The  explanation  of  the  phenomenon  may  be  deduced 
from  the  molecular  theory  (Appendix  A.). 

If  a  coil  of  wire  is  woimd  upon  a  continuous  ring  of  iron 
and  a  current  is  passed  through  the  windings  the  iron  be- 
comes magnetized.  Upon  cessation  of  the  current  the  mag- 
netism will  still  remain,  because  there  is  nothing  which 
tends  to  demagnetize  it.  The  molecules  form  a  continuous 
chain  around  the  ring.  The  lines  of  force  are  therefore 
circles  inside  the  ring  itself,  and  there  are  no  external 
North  and  South  poles.  In  order  to  demagnetize  the  ring 
it  is  necessary  to  disturb  the  closed  chains  of  molecules, 
and  this  may  be  done  by  either  a  reverse  current  which 
reverses  the  direction  of  the  magnetic  field  through  the 
iron,  or  by  shaking  or  hammering  the  iron  and  so  disturb- 
ing the  molecular  chains.  If  now  the  ring  is  cut  and 
straightened  out  it  will  be  found  that  the  iron  becomes 
demagnetized  immediately  the  current  ceases,  and  that  the 
amount  of  residual  magnetism  is  enormously  reduced. 
The  reason  is  that  the  lines  of  force  in  this  case  have  to 
pass  from  the  North  to  the  South  pole  of  the  iron  through 
the  badly  conducting  air.  Demagnetization  may  legiti- 
mately be  regarded  as  due  to  the  attraction  between  the 
North  and  vSouth  poles  of  the  magnet  acting  through  the 
length  of  the  magnetized  iron.  In  the  case  of  steel  it  has 
been  remarked  that  this  effect,  even  in  very  short  lengths  of 
steel,  is  not  sufliciently  great  to  produce  demagnetization 
and  the  result  is   a   permanent   magnet.     In   order   that 
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demagnetization  may  be  rapid  and  complete  an  iron  core 
should  be  as  short  as  possible. 

Applying  this  knowledge  to  the  case  of  an  electromagnet 
it  will  be  seen  that  tlie  nearer  the  conditions  of  the  closed 
ring  are  reproduced  the  greater  is  the  value  of  the  mag- 
netization which  remains  upon  cessation  of  the  current. 
When  the  armature  is  allowed  to  touch  the  cores  uo  definite 
poles  are  created  and  there  is  little  or  no  demagnetizing 
tendency,  consequently  the  armature  "  sticks." 

It  is  therefore  essential  that  a  small  air-gap  shall  be  left 
in  order  that  demagnetization  may  be  produced  by  the 


Flo.  60.— P.O.  sounder. 

action  of  the  poles.  It  may  also  be  remarked  that  the 
shoi-ter  the  electro-magnet  and  the  longer  the  air-gap  the 
more  rapid  and  complete  is  the  demagnetization.  With 
steel  the  values  of  the  residual  magnetism  are  not  so  large 
as  with  soft  iron,  but  tlie  demagnetizing  tendency  of  the 
poles  is  quite  insufficient  to  produce  demagnetization. 
This  fact  is  expressed  by  saying  that  the  retentivity  of 
st<?el  far  exceeds  that  of  iron. 

Sounder. 

The  Post  Office  pattern  of  sounder,  shown  in  Fig.  GO, 
consists  of   an  electro-magnet  with  a  soft  iron   armature 
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held  away  from  its  cores  by  an  antagonistic  spring.  The 
tension  upon  this  spring  is  adjusted  by  means  of  the  screw 
supported  upon  the  brass  base  of  the  instrument.  The 
armature  is  fixed  to  the  square  and  somewhat  heavy  brass 
bar  which  is  carried  upon  a  steel  axle  with  pointed  ends. 
The  ends  of  the  axle  are  held  in  the  hollowed  ends  of  two 
screws,  one  of  which  is  clearly  visible  in  the  figure.  The 
armature  bar  carries  a  transverse  screw  which  determines 
the  proximity  of  the  armature,  when  depressed,  to  the  cores. 
The  clearance  should  always  be  at  least  equivalent  to  the 
thickness  of  a  sheet  of  good  notepaper  in  order  to  avoid 


Fio.  61.— Single  current  key. 

trouble  due  to  residual  magnetism.  The  screw  immediately 
in  front  determines  the  amount  of  play  to  be  given  to  the 
armature.  It  should  be  noticed  that  the  armature  adjust- 
ment and  the  axle  screws  are  all  four  of  them  provided 
with  a  screwed  washer,  or  clamping  screw,  which  banks 
against  the  fixed  portions.  This  serves  to  preserve  the 
adjustments  by  preventing  the  screws  from  working  loose. 

Earlier  fonns  of  sounder  were  wound  to  a  resistance  of 
40*  and  a  500"  shunt  was  connected  across  its  terminals, 
so  reducing  the  joint  resistance  to  37".  This  gave  way  to 
one  wound  to  20"  with  a  500"  shunt,  i.e.  19-2"  joint 
resistance.  This  has  now  been  abandoned  in  favour  of  a 
21"  coil  and  440"  shunt  which  together  give  a  joint  resist- 
ance of  20".  Sounders  for  use  in  connection  with 
secondary  cell  working  are  wound  to  a  much  higher  resist- 
ance, but  this  point  is  dealt  with  in  Chapter  XV  (page  462). 

The  figure  of  merit  of  the  37"  sounder  is  55  m.a.,  that 
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of  the  19'2"  sounder  is  69  m.a.,  and  that  of  the  new  20" 
is  55  m.a. 

Single  Current  Key. 

The  single  current  key  (Fig.  01)  consists  of  a  pivoted 
brass  lever  playing  between  two  contacts,  but  normally 
held  against  the  back  contact  by  a  spring.  The  under 
side  of  the  lever  in  front  is  furnished  with  a  platinum 
contact  which,  when  the  key  is  depressed,  comes  into 
contact  Avith  a  similar  stud  fixed  to  the  brass  plat€  and 


Fio.  62.— Single  current  galvanometer. 

terminal.  The  back  stop,  so  termed  in  contradistinction 
to  the  front  stop,  is  also  tipped  with  platinum  and  normally 
makes  contact  with  the  adjustable  contact  screw  which 
passes  through  the  lever.  It  should  be  noted  that  the 
lever  is  split  from  the  end  for  a  short  distance,  and  that  a 
scrcAV  is  provided  for  tightening  the  grip  upon  the  contact 
screw,  thereby  tending  to  preserve  its  adjustment.  The 
tension  adjustment  is  quite  obvious. 

Single  Current  Galvanometer. 

The    galvanometer   employed   is   of  what    is    officially 
designated  the  "  single  current  '*  type.    Its  coils  are  wound 
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upon  two  bobbins,  and  in  all  the  later  forms  its  magnetic 
needle  is  of  soft  iron  rendered  magnetic  by  induction 
from  permanent  magnets.  This  arrangement  avoids  de- 
magnetization of  the  needle  by  the  passage  of  the  working 
currents  or  by  the  portion  of  a  lightning  discharge  which 
sometimes  passes  through  the  coils  of  the  instrument. 
The  arrangement  is  practically  identical  with  the  Varley 
type  of  single  needle  dial  described  later.  Its  general 
appearance  is  indicated  in  Fig.  02,  from  which  it  will  be 
noted  that  the  dial  is  not  divided  into  degrees,  but,  instead, 
two  ivory  stop-pins  are  provided  for  limiting  the  range  of 
the  deflection.  The  two  terminals  of  the  instrument  pro- 
ject horizontally  from  the  back.  The  top  of  the  needle 
deflects  in  the  direction  in  which  the  current  passes 
through  the  instrument.  For  example,  if  the  current 
passes  from  the  right  to  the  left  hand  terminal  the  top  of 
the.  needle  moves  over  to  the  left.  This  rule  applies  to 
every  form  of  galvanometer  or  needle  dial  employed  by  the 
Department. 

The  instrument  has  a  resistance  of  30*  and  a  figure  of 
merit  of  9*3  m.a.,  with  which  current  the  needle  should 
be  deflected  to  either  stop-pin.  It  is  employed  upon  simplex 
circuits  both  single  and  double  current,  but  not  upon 
Wheatstone  circuits. 

Up  and  Down  Stations. 

Uniformity  in  connections  is  a  most  important  matter  on 
account  of  the  difliculty  of  locating  faults  upon  circuits 
which  are  not  joined  up  according  to  a  definite  system.  It 
is  also  desirable  tliat  all  circuits  fitted  with  the  same  type 
of  apparatus  should  be  joined  up  alike  at  the  instrument 
tables.  The  connection  of  the  set  as  a  whole  to  line  and 
earth  differs  at  the  ends  of  a  circuit  in  order  that  the  con- 
nections at  the  tables  may  not  vary,  and  it  becomes  neces- 
sary to  distinguish  between  the  two  ends  of  the  circuit. 
One  end  is  termed  the  up  station  and  the  other  is  called 
the  down  station.  The  station  nearest  to  London  is  '*up" 
and  that  furthest  removed  from  London  is  "  down."  For 
example,  London  is  the  up  sUition  upon  any  Lonclon  circuit. 
In  the  case  of  a  Manchester-Newcastle  circuit,  Manchester 
is  up  and  Newcastle  down.     It  will  be  foimd  that  the  up 
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station  always  connects  the  positive  pole  of  the  battery  to 
the  line  when  sending  a  marking  current,  hence  the  common 
plirase  or  statement  that  "  the  up  station  sends  copper  to 
line  to  mark." 

Direct  Sounder  Connections. 

A  direct  sounder  set  consists  of  a  sounder,  single  current 
key,  single  current  galvanometer,  5"  resistance  coil,  and 
battery.  It  is  so  termed  because  the  received  current 
makes  the  mark  directly  and  not  indirectly,  i.  e,  by  the  aid 
of  a  relay.  The  right  side  of  the  galvanometer  is  the  "  down 
instrument  terminal,"  and  the  junction  of  the  sounder  and 
negative  pole  of  the  battery  is  the  **  up  instrument  terminal." 
The  apparatus  connections  are  shown  in  Fig.  63,  whence  it  will 
be  seen  that  the  down  line  passes  through  the  galvanometer 
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Fia.  63.— Direct  sounder  connections. 

to  the  central  point  of  the  key.  The  key  at  rest  affords  a 
path  vid,  its  backstop  through  the  sounder  to  the  up 
terminal.  When  depressed,  the  battery  is  connected  posi- 
tive to  down  and  negative  to  up,  the  sounder  being  cut 
out  of  circuit  })y  the  severance  of  the  connection  between 
the  key  and  the  backstop.  The  galvanometer  indicates  the 
current  sent  or  received.  Its  terminals  are  joined  by  a 
5**  resistance  coil  for  the  purpose  of  reducing  the  resistance 
which  its  insertion  unshunted  would  entail.  As  the  cur- 
rent employed  for  working  a  direct  sounder  is  very  large 
the  presence  of  the  shimt  does  not  prevent  a  satisfactory 
deflection  being  obtained. 
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Intermediate  Stations. 

The  connections  necessary  to  join  up  tliree  sets  upon  a 
circuit  are  indicated  in  Fig.  C4,  At  the  up  station  the 
up  line  terminal  of  the  set  is  earthed  and  the  down 
line  terminal  is  connected  to  the  down  line,  i.  e.  the  line  to 
the  down  station.  It  is  important  tJiat  this  fact  should  be 
clearly  remembered  because  the  statement  applies  to  nearly 
every  type  of  apparatus.  At  the  intennediate  station  the 
down  line  terminal  is  connected  to  the  down  line  and  the 
up  terminal  to  the  up  line.  At  the  down  station  the  down 
terminal  goes  to  earth,  whilst  the  ujd  terminal  goes  to  the 
up  line.  It  will  be  noticed  that  at  an  up  station  the  line 
is  called  a  down  line,  whilst  from  the  point  of  view  of 
the  down  station  it  is  an  up  line. 


INTERMEDIATE  DOWN 

ViQ.  04.— Three  direct  sounders  upon  one  circuit.      » 
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Path  of  Current. 

The  path  of  the  current  when  the  intermediate  station 
depresses  his  key  is  from  the  positive  pole  of  his  battery, 
to  centre  of  key,  through  the  galvanometer,  along  tlie  down 
lino,  through  the  down  sounder,  along  tlie  key,  through 
the  down  galvo,  tJirough  earth,  tlirough  the  up  sounder, 
along  the  key,  through  the  up  galvanometer,  along  the  up 
line,  back  to  the  negative  pole  of  the  battery.  Both 
sounders  and  all  three  galvanometers  are  affected.  Tlie 
path  from  the  other  stations  is  similar  and  should  be 
sufficiently  obvious.  It  may  be  remarked  that  the  terms 
up  and  down  line  are  employed  above  because -the  inter- 
mediate office  was  under  consideration  and  the  terms  are 
relative  to  that  office. 

The  current  required  to  work  a  direct  sounder  circuit  is 
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90  to  100  m.a.  and  large  Daniells  should  be  employed. 
The  resistance  of  the  galvanometer  described  on  page  109 
is  30,  and  with  the  5"  shunt  gives  a  joint  resistance  of 
42**.  The  direct  sounder  is  employed  where  the  total 
resistance  of  the  circuit  (apparatus  included)  does  not 
exceed  200". 

The  Direct  Writer. 

The   direct  writer,  printer,  or  inker,  as  it  is  variously 
termed,   comprises    an   electromagnet  wuth   an   armature 


Flo,  66.— Local  inker. 


which,  when  actuated,  causes  a  revolving  disc  immersed  in 
an  ink-well  to  be  brought  into  contact  with  a  paper  tape 
moving  at  a  uniform  speed  (see  Fig.  65).  The  mechanical 
portion  of  the  apparatus  consists  of  a  spring  driving  a  train 
of  wheels,  which  revolve  the  inking  wheel  in  a  direction 
opposite  to  that  in  which  the  tape  is  carried  past  it.  The 
tape  passes  between  two  barrels,  one  of  which  is  free  to 
move  and  presses  upon  the  tape,  the  other  being  revolved 
at  a  uniform  speed  by  the  train  of  wheels.  A  governor  is 
employed  for  securing  the  uniformity  of  the  rate  at  which 
the  tape  moves  forward,  and  a  brake  is  provided  for  stopping 
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the  instrument  when  not  in  use.  Two  screws  limit  the 
play  of  the  armature  and  inking  disc  in  an  upward  and 
downward  direction.  These  adjustments  are  made  almost 
entirely  from  the  point  of  view  of  securing  clear  inking 
marks  whilst  the  sensitiveness  is  varied  by  a  screw  which 
bodily  raises  or  lowers  the  electromagnet  as  a  whole.  The 
armature  usually  consists  of  a  soft  iron  tube  split  longi- 
tudinally to  prevent  the  instrument  being  rendered  slug- 
gish in  action  by  reason  of  the  eddy  currents  which  would 
otherwise  be  induced  in  the  armature.  It  is,  however,  open 
to  question  whether  this  provision  is  really  necessary. 
The  connections  of  the  direct  writer  (Fig.  66)  are  similar 
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Pio.  66.— Direct  writer  connections. 


to  those  of  the  direct  sounder,  but  the  battery  and  up 
and  down  line  terminals  are  separately  mounted  upon  the 
base  of  the  instrument.  The  instrument  illustrated  in 
Fig.  65  is  a  local  inker,  and  is  sometimes  used  upon  relay 
worked  circuits.  The  direct  writer  is  similar,  but  contains 
a  key  and  galvanometer  upon  the  same  base.  The  connec- 
tions between  line  and  earth  are  determined  in  the  manner 
previously  detailed.  The  electrical  portions  call  for  no 
comment. 

Tlie  resistance  of  the  electromagnet  of  a  direct  writer 
is  300**,  and  the  galvanometer,  which  is  of  a  simple  form, 
about  30".  The  current  required  is  from  15  to  20  m.a., 
and  Daniell  batteries  are  employed  with  it — ^formerly  of  the 
now  obsolescent  small  type. 

It  should  be  noted  that  where  a  direct    sounder    ia 
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employed  at  one  end  of  a  circuit  and  a  direct  writer  at  the 
other  the  battery  power  required  will  be  different  on 
account  of  the  differing  values  of  current  reqidred  to  work 
each  form  of  instrument. 

The  figure  of  merit  of  the  electromagnet  is  4*9  m.a.,  and 
10  m.a.  for  the  galvanometer  with  which  current  a  deflection 
of  a  quarter  of  an  inch  should  be  produced.  The  speed 
of  the  slip  should  be  from  six  to  seven  feet  per  minute. 

Open  and  Closed  Circuit  Working. 

There  are  two  methods  of  working  circuits  known  as  the 
open  and  closed  circuit  methods  respectively.  The  former 
is  almost  exclusively  emplpyed  in  tiiis  country  whilst  the 
latter  is   in   most  extensive   use   in  America.     A  circuit 
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Fio.  67.— Closed  circuit  system. 


worked  upon  the  open  method  is  one  in  which  no  current 
traverses  the  circuit  when  idle,  and,  as  a  corollary,  batteries 
are  needed  at  both  ends.  The  direct  sounder  circuit  may 
be  taken  as  a  typical  example. 

In  the  closed  circuit  system  the  current  is  normally 
flowing  through  the  circuit  when  idle  and  signalling  is 
effected  by  opening  a  two  way  switch,  which  permits  the 
circuit  to  be  made  and  broken  in  accordance  with  the 
movement  of  the  key.  The  sounders  are,  of  course,  in  the 
main  circuit  in  series  with  the  battery  which  may  be 
located  at  either  end  of  the  circuit.  The  signals  sent  out 
are  also  received  upon  the  instrument  at  the  sending  end. 
This  appears  to  be  a  frequent  device  in  America  and  it  is 
contended  that  hearing  the  signals  sent  out  makes  for  better 
sending.  The  objection  to  the  closed  system  is  the  waste 
of  power  when  the  circuit  is  idle,  but  against  this  must 
be  set  the  saving  in  the  cost  of  maintaining  batteries  at 
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outlying  offices.  A  similar  arrangement  lias  been  adopted 
in  connection  with  the  metropolitan  switching  scheme 
briefly  described  in  Chapter  XIII. 

The  general  arrangement  of  a  closed  circuit  system 
is  shown  in  Fig.  67,  and  affords  a  comparison  with  the 
open  circuit  system  depicted  in  Fig.  64.  Each  key  is 
provided  with  a  switch,  which  is  opened  when  it  is  desired 
to  send.  It  will  be  seen  that,  in  the  conditions  shown, 
the  intermediate  office  is  signalling.  The  arrangement  is, 
however,  sufficiently  obvious. 

THE  SINGLE  NEEDLE  SYSTEM. 

The  single  needle  instrument,  although  contained  in  a 
single  case,  may  be  divided  into  two  distinct  parts,  the  com- 
mutator or  transmitting  keys  and  the  coils.  The  coils  are 
a  special  form  of  galvanometer,  and  serve  to  indicate  the 
direction  of  the  current.  The  conmiutator,  when  at  rest, 
completes  the  circuit  of  the  coils  from  line  to  earth,  whilst 
the  depression  of  a  key  puts  the  battery  in  circuit  in  a 
direction  dependent  upon  which  of  the  two  keys  is 
depressed. 

The  two  coils  of  the  instrument  are  of  rectangular  shape, 
placed  side  by  side,  and  held  in  position  upon  the  brass 
support  by  clamping  screws.  The  coils  are  wrapped  as 
closely  round  the  needle  as  possible  in  order  to  concentrate 
the  magnetic  field  produced  by  the  current.  This  arrange- 
ment would  not  serve  for  the  measurement  of  the  relative 
strengths  of  different  currents  on  account  of  the  complexity 
and  uncertainty  of  the  relations  existing,  between  the  value 
of  the  deflection  and  the  current  producing  it.  Where, 
however,  it  is  merely  desired  to  indicate  the  direction  of  a 
current  and  to  require  the  minimum  value  of  current  to 
give  a  reasonable  deflection,  this  form  possesses  the  ad- 
vantage of  much  greater  sensitiveness. 

The  two  patterns  of  needle  coils  in  use  at  the  present 
time  are  Varley's  and  Spagnoletti's,  the  latter  being  the 
later  type.  There  is  a  very  large  number  of  Varley  coils  in 
use  at  the  present  time,  although  all  new^  instruments  are 
now  fitted  with  Spagnoletti  dials.  The  difference  in  the 
two  types  lies  in  the  shape  and  in  the  method  of  rendering 
the  needles  magnetic  by  induction  from  fixed  permanent 
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magnets.  In  the  early  forms  of  single  needle  the  magnetic 
needle  was  a  piece  of  magnetized  steel,  that  is  to  say  a 
permanent  magnet.  It  was,  however,  soon  found  that  the 
passage  of  the  working  currents  in  course  of  time  weakened 
the  small  magnetic  needle,  and  frequently  after  a  thunder- 
storm the  needle  was  even  reversed  in  polarity  by  the  small 


Fio.  68.— Varley's  coUa. 

portion  of  the  lightning  discharge  which  sometimes  passed 
through  the  coils.  It  was  to  avoid  this  difficulty  that  the 
induced  needle  was  introduced. 

Varley's  Coils. 
In  the  Varley  form  the  needle  is  a  fork-shaped  piece  of  soft 
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iron  rendered  magnetic  by  induction  from  a  pair  of  compara- 
tively large  bar  magnets  fixed  one  upon  each  coil  (Fig.  68). 
The  magnetic  needle  is  fixed  upon  an  axle,  which  also  carries 
the  pointer,  and  it  should  be  noted  that  the  magnetic  needle 
is  suspended  well  above  the  centre  of  the  coils.  As  the 
direction  of  the  magnetic  field  due  to  the  earth  (vertical 
component)  is  in  such  a  direction  as  to  make  the  upper  end 
of  the  soft  iron  needle  South,  and  the  lower  end  North,  the 
permanent  bar  magnets  are  arranged  so  as  to  reinforce 
instead  of  oppose  this  effect.  The  upper  or  fixed  end  of 
the  needle  is  therefore  of  South  and  the  lower  ends  North 
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Fin.  0.1. —Side  view  of  Spagnoletti's 
coils. 
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Fio.  70.— niugtrates  the  shape  of  the 
•     needle  in  Spagnoletti's  colls. 


polarity.  The  passage  of  a  current  through  the  coils  creates 
a  magnetic  field  through  the  centre  spaces,  and  the  needle 
deflects  in  accordance  with  the  principles  previously  ex- 
plained. In  this  case,  however,  the  deflection  of  the  needle 
is  opposed  by  the  earth's  vertical  field  (which  is  larger  than 
its  horizontal  field),  and  also  by  gravity. 

Spagnoletti's  Coii^. 

The  Spagnoletti  dial  (Figs.  09  and  70)  is  fitted  with  two 
coils  clamped  in  position  in  the  same  manner  as  in  the 


SINGLE  CURRENT  SYSTEMS  AND  RELAYS     179 

Varley  type,  but  here  the  resemblance  ends.  A  pair  of 
horse-shoe  magnets  is  employed  for  inducing  the  soft  iron 
needle,  which  is  made  in  two  sections  magnetically  sepa- 
rated by  the  layer  of  spelter  which  serves  to  braze  them 
together.  The  two  magnets,  each  of  which  pass  over  the 
coil  from  back  to  front,  have  their  like  poles  opposite.  The 
soft  iron  axle  extends  in  a  downward  direction  to  form  the 
lower  half  of  the  needle,  which  end  is  given  North  polarity 
by  induction  of  the  two  North  poles  of  the  horse-shoe  mag- 
nets upon  the  front  part  of  the  axle.  In  similar  manner 
the  upper  end  of  the  needle  is  made  South.  This  needle  is 
given  a  somewhat  curious  shape  in  order  to  secure  a  firmer 
impact  upon  the  stop  pins,  or  sounding  pieces  as  the  case 
may  be.  The  needle  is  also  better  balanced  than  in  the 
Varley  form.  Similar  remarks  in  regard  to  the  direction 
of  the  current  and  the  resulting  deflection  apply  in  this 
case  also.  A  current  from  left  to  right  causes  the  needle 
top  to  deflect  to  the  right. 

One  end  of  each  coil  is  connected  to  the  brass  bobbin 
upon  which  it  is  wound,  and  the  other  end  is  brought  out 
to  its  terminal  by  a  stout  piece  of  spirally  coiled  silk-covered 
wire.  There  is  therefore  only  one  exposed  wire  connection 
for  each  coil.  The  current  of  course  passes  along  the  brass 
frame  from  one  coil  to  the  other. 

These  large  horse-shoe  magnets  retain  their  magnetism 
for  a  very  long  period  of  time,  in  spite  of  the  passage  of 
the  working  signals.  The  demagnetization  or  reversal  of 
the  magnets  by  a  lightning  discharge  is  a  very  remote 
possibility,  and  one  which  need  not  in  this  case  be  seriously 
considered.  The  arrangement  is,  therefore,  an  excellent 
one. 

Figure  of  Merit. 

The  coils  are  wound  to  a  resistance  of  20O*,  and  have  a 
figure  of  merit  of  3*06  m.a.  with  which  the  needle  should 
be  deflected  from  a  vertical  position  to  either  stop  pin. 
Good  working  signals  can  be  obtained  with  93  m.a. 

In  order  to  transform  the  needle  from  visual  to  sound 
working,  the  stop  pins  are  replaced  by  two  pieces  of  specially 
shaped  tin  so  arranged  that  the  impact  of  the  needle  pro- 
duces two  differing  soimds  according  to  the  direction  of  its 
deflection.     This  amply  suflSces  for  the  majority  of  sub- 
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offices,  but  where  a  greater  volume  of  sound  is  required 
Neale's  acoustic  dial  is  very  frequently  employed. 

Neale's  Coils. 
Neale's  dial  (Fig.  71)  consists  of  an  electromagnet  having 


Fia.  71.— Neale'ft-  coils. 
Klectronmgnet  and 
iDdaced  needle. 


FiQ.  72.— Front  view  of  Neale's  coHs, 

its  pole-pieces  P^  and  P^  continued  through  the  front  of 
the  dial,  between  which  is  pivoted  a. heavy  soft  iron  needle 
rendered  magnetic  by  induction  from  a  curved  permanent 
magnet  N  S  placed  at  the  back.  The  heavy  upper  half  of 
the  needle  is  of  soft  iron,  whilst  the  lower  part  serves  only  to 
complete  the  needle,  and  is  quite  light  in  comparison  with 
the  other.  The  axle  which  holds  the  needle  is  provided 
with  a  small  hook  to  which  is  attached  a  light  spiral  spring 
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for  the  purpose  of  bringing  the  needle  back  after  deflection. 
The  other  end  of  this  spring  is  fixed  upon  a  carriage  (Fig.  72) 
which  may  be  moved  laterally  by  a  screw  upon  the  right, 
thus  enabling  the  needle  to  be  centred  between  its  pole- 
pieces.  The  sounding  pieces  consist  of  tubes  cut  longi- 
tudinally and  provided  with  extension  pins  upon  which  the 
needle  strikes. 

The  use  of  an  electromagnet  in  place  of  the  coil  of  wire 
employed  in  the  ordinary  forms  of  needle  dial  gives  a  greater 
impact  with  the  same  value  of  current.  This  is  entirely 
due  to  the  use  of  iron  and  consequent  improvement  of  the 
magnetic  circuit. 


FiQ.  73.— Ck)iiimuUtor  used  with  single  needles  and  double  plate  sounders. 


Commutator. 

The  general  appearance  of  the  commutator  is  shown  in 
Fig.  73,  and  it  is  most  important  that  the  various  parts  of 
the  actual  apparatus  should  be  identified  with  the  sketch  of 
their  connections.  Unfortunately  it  is  not  possible  to  draw 
the  key  as  it  appears  to  the  eye,  and  at  the  same  time 
clearly  show  its  internal  connections. 

The  commutator  is  furnislied  with  six  terminals,  but 
when  used  in  conjunction  with  the  single  needle  two  of 
these,  X  and  F,  are  permanently  connected  by  a  brass  strap. 
These  two  terminals  project  horizontally  at  the  back,  and 
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are  connected  to  the  backstops  of  the  keys  to  which  they 
are  respectively  opposite.  The  two  outer  terminals  in 
front  of  X  and  Y  are  respectively  connected  to  Z  and  C  of 
the  battery.  The  centre  terminal  B  may  be  considered  as 
the  down  line  of  the  key,  whilst  the  short  front  terminal 
A  is  always  the  up  line  terminal. 

Each  key  is  electrically  divided  into  two  parts,  viz.  the 
brass  lever  at  the  back  and  the  front  contact  screw.     The 
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Fio.  74.— Conneciions  of  single  needle. 

wooden  part  of  the  key  is  fixed  to  the  brass  lever,  and  the 
front  contact  screw  is  fixed  to  the  wooden  key  itself. 
Upon  depressing  the  key  the  front  contact  screw  comes 
into  contact  with  the  "  zinc  spring,"  and  the  brass  lever  at 
the  back  rises  from  the  back  stop  and  makes  connection 
with  the  "copper  spring."  The  teims  zinc  and  copper 
springs  are  expressive,  and  should  tend  to  fix  the  functions 
of  the  various  parts  of  the  key  in  the  memory.     The  right- 
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hand  brass  lever  is  connected  to  the  up  line  terminal,  whilst 
the  left  goes  to  JB.  The  only  connections  remaining  to  be 
dealt  with  are  those  of  th^  front  contact  screws.  These  go 
to  -X"  and  F,  the  left  to  F  on  the  right,  and  the  right  to  X 
on  the  left.  This  connection  is  made  by  the  spiral  of  bare 
wire  (see  the  right  key)  through  the  base  of  the  instrument, 
these  two  connections  being  the  only  ones  which  the  base 
conceals. 

The  connections  are  conventionally  shown  in  Fig.  74. 
The  keys  are  turned  upon  their  sides,  and  movement  to 
the  left  is  equivalent  to  depression.  The  two  contacts  upon 
the  right  of  the  levers  represent  the  copper  bar  whilst  the 
two  front  contacts  represent  the  zinc  bar. 

In  the  normal  position  a  current  entering  at  the  up  line 
terminal  (usually  marked  A)  goes  to  the  centre  of  the  right 
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Fio.  75.— Skoletou  counections  reriulting  in  each  position  of  the  keys. 

lever  along  its  length  through  the  F  backstop  to  F  along 
the  connecting  bar  to  X,  through  the  X  backstop  down 
the  left  lever  to  B.  The  connections  are  therefore  A  to  F 
and  B  to  X  through  the  two  backstops. 

Depression  of  the  right  key  causes  the  right  lever  to 
break  with  F,  and  to  make  contact  with  the  copper  spring, 
whilst  its  front  contact  screw  makes  contact  with  the  zinc 
bar.  The  positive  pole  of  the  battery  is  therefore  con- 
nected to  A  and  the  negative  to  X,  through  the  X  backstop, 
along  the  left  key  to  B.  The  connections  are  therefore 
C  to  ^  and  Z  to  B, 

The  left  key  when  depressed  causes  the  left  lever  to 
break  connection  with  the  X  backstop,  and  to  make  contact 
with  the  copper  spring,  so  connecting  C  to  B,  At  the  same 
time  the  front  contact  screw  makes  contact  with  the  zinc 
spring,  thus  connecting  Z  to  F,  through  the  F  backstop 
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down  the  right  lever  to  A,     The  connections  are  therefore 
Z  to  A  and  C  to  JB. 

Each  contact  point  is,  of  course,  tipped  with  platinum. 
The  play  of  the  key  is  regulated  by  means  of  the  front 
contact  screw,  which  is  securely  held  by  means  of  the 
transverse  screw,  seen  upon  the  right  key  in  Fig.  73. 
(Compare  also  Fig.  61.) 

Skeleton  Connections  of  Commutator. 

The  skeleton  connections  in  each  position  of  the  keys, 
shown  in  Fig.  75,  should  be  memorized.  The  following 
facts  may  perhaps  be  useful — (a)  Right  key  sends  copper  to 
up  line,  (b)  at  rest  A  and  B  go  respectively  to  X  and  F. 

Connections  of  Single  Needle  Circuits. 

The  commutator  and  the  dial  are  joined  up  in  series  so 
that  every  current  which  is  sent  out  passes  through  the 
sender's  instrument.  The  right-hand  side  of  the  coils  is 
joined  to  B  whilst  the  left  side  forms  the  down  line  ter- 
minal of  the  set,  A  being  the  up  line  terminal.  To  prove 
the  connections,  the  up  and  down  terminals  of  the  set  should 
be  connected.  Remembering  that  the  right  key  sends 
copper  to  up  and  that  the  deflection  is  in  the  direction  of 
the  current  through  the  coils  it  will  at  once  be  seen  that  B 
must  go  to  the  right  (see  Fig.  74)  of  the  coils  in  order  that 
the  current  may  go  through  from  right  to  left  when  the 
right  key  is  down. 

Three  oflSces  connected  by  two  lengths  of  line  are  illus- 
trated in  Fig.  7G,  and  the  up  and  down  instrument 
terminals  have  been  clearly  indicated.  The  joining-up  of 
the  set  then  follows  the  rules  laid  down  in  the  case  of  the 
direct  sounder. 

(1)  Up  station,  up  line  terminal  to  earth,  down  line 
terminal  to  down  line. 

(2)  Down  station,  down  line  terminal  to  earth,  up  line 
terminal  to  up  line. 

(3)  Intermediate  station,  up  line  terminal  to  up  line, 
down  line  teraiinal  to  down  line. 

The  path  of  the  current  and  its  effects  in  any  given 
position  of  any  of  the  keys  is  fairly  obvious,  and  one 
example  will  suffice.     Let  the  intermediate  station  depress 


SINGLE  GUREENT  SYSTEMS  AND  BELAYS     185 

the  right  key ;  the  current  flows  from  the  positive  pole  of 
the  battery,  to  up  line  terminal,  to  line  through  the  up 
dial  (left  to  right  therefore  deflecting  it  to  right)  to  B,  to 
X,to  YjUy  A  (up  line  terminal),  through  earth  to  down  line 
terminal  of  down  set  through  the  dial  (deflects  to  right)  to 
X^  to  Y,  to  Af  along  the  line,  through  the  intermediate 
station's  coils  (needle  deflected  to  right)  to  B,  to  Z  and  so 
back  to  the  battery. 

Resistance  and  Battery  Power. 

The   resistance  of  the  instrument   is  always  200",  no 
matter  which  type  of  dial  is  employed,  and  a  current  of 
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Fig.  76.— Three  siDgle  needle  stations  upon  one  circuit. 

from  15  to  20  m.a.  is  provided  for  actual  working.  The 
type  of  cell  employed  to  work  such  circuits  is  the 
Leclanche  No.  3  size. 


Advantages  of  System. 

The  single  needle  system  presents  the  advantage  that 
many  offices  may  be  grouped  upon  a  single  circuit.  Upon 
such  circuits  the  value  of  the  current  received  at  any  one 
of  the  offices  may  differ  according  to  which  office  is  sending. 
This  is,  of  course,  especially  noticeable  upon  long  circuits 
due  to  changes  in  insulation  resistance,  but  as  the  system  is 
rarely  employed  on  any  but  short  circuits,  this  difficulty 
does  not  assume  serious  dimensions.  Another  cause 
producing  variations  in  the  value  of  the  received  current 
is  the  condition  of   the  various  batteries;    at  one  office 
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the  battery  may  be  at  its  maximum  E.JM.F.,  at  another 
it  may  be  at  the  minimum,  whilst  the  batteries  at  the 
remaining  offices  are  in  conditions  which  respectively  vary 
between  the  two  limits.  The  reason  for  the  excellent 
behaviour  of  a  single  needle  system  imder  such  conditions 
lies  in  the  fact  that  residual  magnetism  does  not  come  into 
play. 

Tracing  Instrument  Faults. 

In  tracing  faults  it  is  best  to  get  as  many  facts  together 
as  possible,  and  so  reduce  the  area  to  be  searched  to  the 
lowest  possible  limits.  In  a  simple  piece  of  apparatus  such 
as  the  single  needle  the  location  of  a  fault  is  quite  easy, 
but  with  more  complicated  apparatus  a  definite  system  is 
essential.  The  tracing  of  the  effect  of  every  possible  fault 
in  a  simple  case  will,  however,  prove  both  instructive  and 
practically  valuable. 

The  contact  points  are  always  the  most  likely  places  for 
faults.  If  either  of  the  front  contact  screws  fail  to  make 
contact  when  the  copper  spring  and  lever  is  doing  so  or  vice 
versa,  no  current  will  be  sent  out  by  the  faulty  key.  This 
would  be  observed  upon  the  sender's  instrument.  The 
distant  station's  signals  would,  however,  be  received  cor- 
rectly. If  neither  key  sends  out  a  current  then  the  battery 
is  probably  disconnected  or  short  circuited.  Again,  if  only 
one  key  sends  out  a  current  one  pole  of  the  battery  may  be 
to  earth. 

A  dirty  backstop  prevents  reception  altogether,  but 
permits  that  jparticular  key  to  send  out  a  current  whilst 
preventing  the  other  key  from  doing  so. 

Disconnection  of  the  coils  or  parts  of  the  circuit  common 
to  both  sending  and  receiving  paths  stops  working 
altogether.  The  apparatus  may  always  be  proved  by 
joining  A  and  the  down  line  terminal  by  a  w4re,  and 
observing  if  the  needle  is  deflected  by  each  key  in  turn. 

RELAYS. 

A  relay  may  be  defined  as  an  electromagnetic  device 
which  either  forms  or  breaks  an  electrical  connection  by 
the  motion  of  its  moving  system  produced  by  the  passage 
of  a  current  through  its  coils.     Its  prime  purpose  in  tele- 
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graphy  is  to  economize  battery  power,  thereby  obviating 
the  use  of  extremely  high  voltages  for  working  long  cir- 
cuits. The  current  is  employed  to  direct  and  control  the 
movement  of  a  contact  arm  which  joins  up  a  battery  at  the 
receiving  end  of  the  circuit,  and  it  is  this  battery  which 
produces  the  actual  signal. 

Relays  may  be  divided  into  two  distinct  classes  (1)  non- 
polarized and  (2)  polarized.  In  a  non-polarized  relay  the 
direction  in  which  the  armature  or  armatures  move  is  inde- 
pendent of  the  direction  of  the  current  passing  through  its 
coils. 


Fio.  77.— Fitmt  and  side  view  of  relaying  sounder.       Fia.  TS.—Back  and  side  view  of  relaying  sounder. 

Relaying  Sounder. 

An  example  of  such  a  relay  is  the  relaying  sounder 
(formerly  termed  an  uprighter  or  uprighting  sounder). 
This  instrument  is  typical  of  the  many  varying  forms 
which  the  non-polarized  relay  takes  under  different 
circumstances. 

The  relaying  sounder  consists  of  an  electromagnet  with 
its  armature  mounted  upon  a  brass  lever  playing  between 
an  upper  and  lower  contact  point.  It  differs  from  an 
ordinary  sounder  in  the  shortness  of  its  electromagnet,  in 
the  lightness  of  the  armature  lever,  and  in  the  provision  of 
the  platinum  tipped  contact  points.  The  proximity  of  the 
armature  to  the  cores  when  tlie  former  is  depressed,  may 
be  adjusted  by  means  of  the  lower  contact  screw  which  can 
be  raised  or  lowered  as  required.     The  upward  play  is 
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similarly  adjusted  by  the  upper  contact  screw,  whilst  the 
tension  may  be  suitably  varied  by  the  screw  which  is  to  be 
seen  at  the  front  of  Fig.  77. 

Normally  the  lever  joins  the  upper  contact,  but  when 
actuated,  the  lower  one.  A  current  in  either  direction, 
provided  it  be  of  sufficient  strength,  draws  down  the 
armature. 

The  coils  and  shunt  of  the  "  relaying  sounder  B  "  have 
resistances  of  40*  and  500**  respectively.  The  figure  of 
merit  is  69  m.a.  and  the  combined  resistance  37**.  The 
latest  type  of  instrument  has  a  joint  resistance  of  40"  and 


Fio.  79.— Top  of  a  P.O.  non-polarized  relay  *'B." 

is  termed  the  "  relaying  sounder  40**."  Its  coils  and  shunt 
are  respectively  44**  and  440** .  It  may  be  added  that  the 
object  of  the  shunt  is  to  prevent  sparking  at  the  relay 
points  (see  page  202). 


P.O.   NON-POLARIZED   ReLAY    "  B." 

The  Post  Office  non-polarized  relay  **  B  "  bears  a  con- 
siderable resemblance  to  the  standard  relay  (see  Figs.  82 
and  84),  but  its  two  soft  iron  armatures  are  not  induced 
magnets.  The  two  electromagnets  are  placed  side  by  side, 
but  wdth  their  pole  pieces  deflected  so  as  to  include  the 
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armatures  in  the  magnetic  circuit  from  core  to  core.  The 
arrangement  will  be  sufficiently  apparent  from  the  plan  of 
the  top  of  the  instrument  (Fig.  79).  The  tongue  is  held 
to  the  right  contact  point  by  a  spring,  and  a  current 
passing  through  the  coils  in  either  direction  causes  the 
armatures  to  be  attracted  against  the  force  of  the  spring, 
and  the  tongue  leaves  the  right  contact  point  and  goes 
over  to  the  left.  This  arrangement  is  adopted  for  quadru- 
ple! working,  for  the  reasons  given  in  Chapter  VIII. 

The  relay  is  differentially  wound  and  an  equal  current 
flowing  from  D  to  C7  in  one  coil  and  C7  to  D  in  the  other,  or 
tnee  versa^  does  not  magnetize  the  cores  of  the  relay.  A 
current  flowing  in  either  or  both  coils  from  D  to  C7  or 
U  to  D  magnetizes  both  cores  and  attracts  the  armatures. 
If  the  top  of  the  left  core  is  North  the  top  of  the  opposite 
core  is  South,  and  therefore  the  magnetic  circuit  is  from 
core  to  core  through  both  armatures.  These  armatures 
are  each  divided  in  the  centre  by  a  layer  of  spelter  which 
brazes  the  two  halves  together.  This  device  prevents  the 
armatures  from  becoming  more  or  less  permanently  mag- 
netized, since  the  demagnetizing  force  in  such  short  lengths 
of  iron  as  the  two  halves  of  each  armature  is  considerable 
(see  page  166).  Moreover,  the  proximity  of  the  armature 
to  the  cores  and  the  consequent  reduction  of  the  air-gaps 
produces  conditions  favourable  for  considerable  values  of 
residual  magnetism,  were  it  not  for  the  magnetic  separation 
of  the  armatures.  These  breaks  in  the  magnetic  circuit 
tend  towards. the  production  of  rapid  and  complete  de- 
magnetization of  the  cores. 

Relays  used  in  Telephony. 

The  relays  which  form  so  important  a  part  in  a  large 
telephone  exchange  differ  very  widely  from  those  previously 
described,  although  belonging  to  the  same  class,  viz.  non- 
polarized relays.  Relays  used  for  telephone  signalling  are 
designed  from  the  point  of  view  of  reliability,  compactness, 
and  minimum  cost,  rather  than  from  the  point  of  view  of 
sensitiveness  and  rapidity  of  action.  Many  of  the  relays 
have  gravity  controlled  armatures,  whilst  pivots  are  avoided 
by  allowing  the  thinned  edge  of  the  armature  to  rest  in  a 
nick  or  cut  upon  the  base  of  the  instrument.     Such  a  relay 
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is  illustrated  in  Fig.  80,  and  it  will  be  observed  that  the 
magnetic  circuit  is  nearly  closed.  Since  great  rapidity  of 
action  is  not  required,  this  arrangement  presents  the 
advantage  that  the  sensitiveness  of  the  relay  is  thereby 
increased.     The  distance  of   the  armature  from  the  core 


Fio.  80.— A  type  of  relay  used  in  telephone  exchange  systems  and  also  in  the 
Metropolitan  intercommonication  system. 

when  the  relay  is  actuated  is,  of  course,  adjusted  so  that 
the  relay  shall  not  stick. 

Translating  Relays. 

The  relays  (Fig.  81)  employed  in  connection  with  the 
London  switching  system  (Chap.  XIII)  upon  the  connect- 
ing cords  are  of  practically  the  same   pattern   as   those 
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Fio.  81.— Translating  relay  used  in  connection  with  the  London  switching  system. 

formerly  used  in  the  telephone  permanent  current  system. 
The  two  armatures  are  placed  between  the  four  polepieces 
of  the  electromagnet,  and  are  controlled  by  an  adjustable 
spiral  spring.     The  resistance  of  the  instrument  is  200*'. 

It  may  be  noticed  that  the  armatures  are  solid,  and  are 
not  divided  by  a  layer  of  non-magnetic  material,  as  is  the 
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case  with  the  relays  used  in   quadruplex  working.     The 
dimensions  of  the  various  parts  are  also  very  much  less. 

Polarized  Relay. 

Polarized  relays  may  be  defined  as  relays  in  which 
the  direction  of  movement  of  the  tongue  depends  upon  the 
direction  of  the  current.  It  is  necessary  to  avoid  the  very 
commonly  used  and  inaccurate  expression  "only  marks 
with  one  direction  of  current,"  because  a  mark  is  made  by 
both  directions  of  current  when  used  with  the  double  plate 
sounder  (dash  or  dot  according  to  the  direction  of  the 
current). 

Generally  speaking,  polarized  are  more  sensitive  than 
non-polarized  relays.  Also  the  annatures  of  non-polarized 
relays  are  usually  unmagnetized  soft  iron,  whilst  those  of 
polarized  relays  are  either  permanent  or  induced  magnets. 
In  other  words,  the  armatures  of  non-polarized  relays  are 
not  polarized,  whilst  those  of  polarized  relays  are. 

P.O.  Standard  Relay. 

The  P.O.  standard  relay  consists  of  two  electromagnets 
placed  side  by  side,  between  the  poles  of  which  are  two 
movable  soft  iron  armatures,  rendered  magnetic  by  induc- 
tion from  a  large  horse-shoe  magnet  placed  behind  them. 
The  instrument  is  shown  in  Fig.  83  with  one  of  its  electro- 
magnets removed,  and  in  skeleton  perspective  in  Fig.  82. 
The  large  horse-shoe  magnet  is  bent  round  the  coils  so  as 
to  occupy  the  minimum  space.  For  the  reasons  that  obtained 
in  the  case  of  the  inducing  magnets  employed  in  the  single 
needle,  the  upper  pole  is  South  and  the  lower  North.  The 
corresponding  polarity  is  therefore  imparted  to  the  ends  of 
the  soft  iron  armatures  a  and  n.  The  axle  which  carries  a 
and  n  also  carries  the  contact  arm,  transversely  tipped  with 
platinum.  Upon  either  side  is  fixed  a  platinum-tipped 
contact  screw,  and  it  is  between  these  screws  that  the 
tongue  plays. 

The  instrument  is  differentially  wound,  D  and  U  being 
the  terminals  of  one  coil,  and  D-circle  and  [/-circle  those  of 
the  other.  A  current  passing  from  f7  to  D  or  [/-circle  to 
7)-circle  makes  the  top  of  the  left  electromagnet  South  and 
the  bottom  North,  whilst  the  top  and  bottom  of  the  right- 
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hand  electromagnet  are  made  respectively  North  and  South. 
The  armatures  are  therefore  acted  upon  with  four  forces, 
being  repelled  by  the  left  and  attracted  by  right  electro- 
magnet. Reversal  of  the-  current  reverses  the  direction  in 
which  the  armatures  tend  to  move.  The  two  coils  are 
equal  in  resistance,  and  with  equal  currents  produce  an 
equal  effect  upon  the  armatures.  If  a  current  is  sent  from 
D-circle  to  [/-circle,  whilst  an  equal  one  flows  from  U  to  D 
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Fio.  82.— Principle  of  P.O.  standAid  relay. 

in  the  other  coil,  no  effect  is  produced,  since  the  two 
windings  have  an  equal  tendency  to  give  the  electromagnet 
opposite  polarities. 

The  general  arrangement  and  directions  of  the  windings 
are  clearly  visible  in  Fig.  82.  A  current  passing  from  D 
to  U  or  D-circle  to  [/-circle  causes  the  armatures  to  be 
held  over  to  the  left,  whilst  a  current  in  the  opposite 
direction  sends  the  armatures  to  the  right.  The  disposi- 
tion of  the  terminals  is  shown  in  Fig.  84,  from  which  it 
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will  be  seen  that  a  current  from  either  U  terminal  to  a  7) 
terminal  causes  T  to  make  contact  with  A/,  whilst  a  cuiTent 
D  to  U  brings  T  into  contact  with  S.  (T,  S,  and  M  are 
the  first  letters  of  the  words  tongue,  space,  and  mark.) 
The  tongue  of  the  relay  when  stationary  always  rests 
upon  the  S  or  M  contacts,  and  never  permanently  in  a 
central  position.  The  two  contact  screws  S  and  M  are 
fixed  upon  a  carriage  which  can  be  moved  at  will  by  means 


Fio.  88.— P.O.  standard  relay  •' B  "  (front  coil  removel). 


Fio.  84.— Winding  and  terminals 
of  standard  relay. 


of  the  regulating  screw.  In  this  way  the  proximity  of  the 
armatures  to  either  electromagnet  may  be  varied.  When 
the  armatures  are  exactly  midway  between  the  polepieces 
if  the  tongue  is  held  in  a  central  position  between  S  and 
M,  the  relay  is  said  to  be  neutral,  and  tlie  tongue  will  stay 
upon  either  side  when  placed  there.  When  the  armatures 
are  placed  in  this  central  position  the  forces  of  attraction 
towards  tlie  polepieces  upon  either  side  are  equal,  but  the 
balance  is  far  too  fine  to  be  practically  maintained.  Tlie 
moment  the  armatures  move  in  the  slightest  degree  the 
balance  is  upset  and  the  armatures  move  over  to  the  nearer 
side. 
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A  relay  which  is  not  adjusted  to  neutrality  is  said  to 
have  a  marking  or  a  spacing  bias  as  the  case  may  be.  A 
spacing  bias  means  that  the  tongue  will  return  to  S  after 
being  moved  over  to  M  by  the  passage  of  a  current.  In 
that  case  it  will  be  clear  that  even  when  deflected  to  M  the 
armatures  must  be  nearer  to  the  left  than  to  the  right  hand 
electromagnet.  The  most  sensitive  condition  of  the  relay  is 
when  it  has  been  set  neutral,  and  the  distance  between  S 
and  M  reduced  to  the  smallest  possible  limits.  Increasing 
the  distance  through  which  the  tongue  has  to  move  reduces 
the  working  speed  of  the  relay.  The  adjustments  of  the 
relay  are  therefore  (1)  bias,  by  means  of  the  regulating 
screw ;  (2)  play,  by  means  of  S  and  M. 

P.O.  Standard  Neutral  Relays. 

For  use  in  connection  with  double  plate  sounders,  and 
in  certain  other  cases  where  it  is  necessary  to  produce  an 
effect  in  both  directions  by  movement  of  the  tongue,  two 
spiral  springs  are  added.  These  springs,  which  are  of 
course  adjustable  and  fixed  at  right  angles  to  the  ton^e, 
serve  to  hold  it  in  a  central  position  midway  between  S 
and  M.  In  another  form  of  instrument  a  light  flat  spring 
is  fixed  upon  the  end  of  the  tongue,  and  by  means  of  a 
screw  the  length  of  the  spring  between  the  end  of  the 
tongue  and  the  point  at  which  it  is  clamped  may  be  ad- 
justed at  will.  The  longer  the  length  of  this  flat  spring  the 
smaller  is  the  force  with  which  the  tongue  is  restored  to  its 
central  position,  and  of  course  the  greater  is  the  sensitiveness 
of  the  arrangement.  In  the  simpler  double-plate  sounder 
apparatus  this  device  is  preferable  to  the  older  spiral 
spring  arrangement  on  account  of  the  greater  simplicity  of 
adjustment,  but  for  high-speed  working  experienced  relay 
clerks  usually  prefer  the  older  form  on  account  of  the 
superior  fineness  of  adjustment  which  can  be  obtained. 

Resistance  and  Figures  of  Merit. 

Standard  relays  both  ordinary  and  neutral  are  of  two 
types,  the  older  or  "  A  "  and  the  new  "  B  "  type.  The  A 
relay  is  rather  shorter  than  the  B,  and  its  two  coils  are 
wound  to  200"  each,  whilst  those  of  the  B  type  are  wound 
to  100"  each.     The  B  relay  has  a  lower  resist^ince  and  a 
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lower  self-inductance  than  the  A  type,  whilst  its  figure  of 
merit  is  the  same/ viz.  '5  m.a.  (coils  in  series). 

The  resistance  of  the  A  relay  in  series,  i.  c.  between  D 
and  C7-circle,  with  D-circle  and  U  strapped,  is  40O*  and 
in  parallel,  i.e.  D  and  D-circle  strapped,  and  U  and  U- 
circle  strapped  is  100-.  The  values  in  the  case  of  the  B 
relay  under  like  conditions  are  20O  and  50"  respectively. 
To  produce  the  same  effect  upon  the  tongues  as  10  m.a. 
through  one  coil  requires  5  m.a.  through  the  two  coils  in 
series,  or  a  total  current  of  10  m.a.,  i.e.  five  in  each  of  the 
two  coils  when  joined  in  parallel. 

C  Type  Relays. 

For  multiplex  working  a  much  larger  type  of  relay  is 
employed,  but  in  general  arrangement  it  may  be  regarded 
as  a  large  pattern  standard  relay.  There  is,  however, 
the  difference  that  the  permanent  or  inducing  magnet  is 
arranged  in  a  slightly  different  manner,  and  that  it  has 
a  very  light  spiral  spring  attached  to  the  tongue  and 
adjustable  by  means  of  a  long  screw  and  carriage.  The 
instrument  is  wound  to  a  resistance  of  1200*'  (coils  in 
series). 

The  non-polarized  C  relay  which  is  now  used  for  quad- 
ruple! working  may  be  regarded  as  a  non-polarized  relay  B 
of  larger  dimensions — equal,  in  fact,  to  those  of  the  old 
multiplex  relay. 

It  is  found  that  by  changing  the  design  in  this  way 
some  improvement  can  be  effected  in  the  resistance  of  the 
apparatus.  The  advantages  gained  thereby  are  dealt  with 
in  Chapter  YIII. 

Siemens  Relay. 

The  Siemens  relay  is  fast  disappearing,  but  there  is 
probably  a  fairly  large  number  still  in  use  upon  short  or 
local  circuits.  It  consists  (Figs.  85  and  86)  of  an  electro- 
magnet fitted  with  two  adjustable  polepieces  between 
which  plays  an  induced  soft-iron  armature.  The  permanent 
magnet  passes  under  the  yoke  of  the  electromagnet,  thus 
making  both  its  limbs  South  at  the  top.  The  armature  is 
of  North  polarity  at  the  end,  where  it  passes  the  two  pole- 
pieces.     The  same  remarks  apply  in  regard  to  bias  as  those 
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made  in  the  case  of  the  standard  relay.     The  passage  of  a 
current  gives  one  core  a  stronger  polarity,  and  the  other  a 


FiQ.  85. — Siemens  relay. 


reduced  or  even  reversed  polarity.   This  causes  the  armature 
to  move  in  a  direction  dependent  upon  the  direction  of  the 


Fiu.  SC. — Top  of  a  Siemens  relay. 


current.     The  terminals  are  arranged  as  in  the  case  of  the 
standard  relay,  but  S  is  not  usually  provided. 
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It  has  the  same  resistance  as  the  A  relay,  but  it  is  not 
so  sensitive  (figure  of  merit  1*13  m.a.)  and  has  a  much  larger 
self-inductance. 

Test  for  Differentiality. 

A  relay  is  said  to  be  differential  when  its  two  windings 
have  exactly  the  same  resistance,  and  have  equal  effects 
upon  the  cores  when  equal  currents  pass  thi'ough  them. 
The  best  test  is  obtained  by  joining  up  a  battery  and  key 
to  the  relay,  firstly  between  D  and  D-circle  with  U  and 
[/-circle  strapped,  thus  placing  the  coils  in  series,  but  in 
such  directions  that  the  relay  should  not  be  magnetized, 
and  secondly  by  joining  the  battery  and  key  between 
D-circle  and  U  strapped  together,  and  D  and  CJ-circle  joined, 
thus  placing  the  coils  in  parallel.  If  the  relay  is  then 
unaffected  by  working  the  key,  the  relay  is  differential. 

In  the  first  test,  since  the  same  current  passed  through 
the  coils,  it  is  proved  that  the  windings  have  equal  but 
opposite  effects  upon  the  cores  with  equal  currents.  The 
second  test  prove  that  the  resistances  of  the  two  windings 
are  equal,  as  otherwise  one  coil  would  carry  more  current 
than  the  other,  and  in  view  of  the  result  of  the  first  test 
would  cause  the  relay  to  be  affected. 

Design  of  Relays. 

Li  order  to  obtain  rapidity  of  action,  it  has  been  shown 
that  care  must  be  taken  to  avoid  large  values  of  residual 
magnetism.  This  is  accomplished  by  using  iron  of  the 
softest  possible  description,  and  by  arranging  the  magnetic 
circuit  so  that  the  molecular  movements  which  produce 
magnetization  and  demagnetization  are  facilitated  to  the 
utmost  extent,  in  other  words  by  preventing  the  formation 
of  anything  which  even  approximates  to  a  closed  magnetic 
circuit. 

It  may  be  remarked  en  jku^snnt  that  the  P.O.  relay 
possesses  the  advantage  of  having  two  air  gaps  as  opposed 
to  the  one  in  tlie  Siemens  relay.  This  should  and  no  doubt 
does  tend  towards  more  rapid  and  complete  demagnetization, 
but  it  is  not  the  real  reason  for  the  superiority  of  the  Post 
Ofl&ce  relay. 

Where  a  relay  is  required  for  high-speed  working,  the 
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weight  and  the  distribution  of  the  weight  of  the  moving 
system  is  of  vital  importance.  A  given  force  produces  a 
movement  the  velocity  of  which  is  proportional  to  the 
moment  of  inertia  of  the  moving  system.  Now  the  moment 
of  inertia  is  the  weight  of  every  particle  of  the  moving 
system  multiplied  by  the  square  of  its  distance  from  the 
centre  line  of  the  pivot.  In  the  Siemens  relay  the  moving 
system  is  heavy,  and  what  is  far  worse,  extends  far  beyond 
the  pivot.  Compare  this  with  the  short  armatures  and  light 
tongue  of  the  Post  Office  relay,  and  the  reason  for  greater 
I'apidity  of  the  newer  instrument  is  at  once  apparent. 

It  will  of  course  be  quite  obvious  that  for  obtaining  high 
speeds  the  angular  movement  of  the  tongue  should  be 
reduced  to  the  lowest  possible  limits. 


THE  DOUBLE-PLATE  SOUNDER, 

The  single  needle,  even  when  fitted  with  Neale's  coils, 
proves  unsatisfactory  in  any  large  instrument-room  on 
account  of  the  insufficient  volume  of  the  signals.  Moreover 
the  raised  writing-desk  renders  it  unsuitable  for  fixing 
upon  tables  along  wdth  sounder  sets,  but  of  course  this 
could  be  remedied  by  altering  the  design.  The  double- 
plate  sounder  meets  both  these  objections,  whilst  the 
simpler  single  needle  may  still  be  employed  at  the  distant 
and  intermediate  stations. 

The  present  type  of  instrument  is  the  result  of  evolution 
with  Bright's  Bells  as  starting  point.  In  this  arrangement 
the  increased  volume  of  signal  is  secured  by  the  use  of  a 
relay  and  local  batteiy.  The  function  of  the  received 
current  is  therefore  merely  to  direct  and  control  the  move- 
ment of  the  relay  tongue,  and  this  in  turn  determines 
which  of  the  plate  sounders  is  to  be  actuated.  The  relay 
employed  is  of  the  Standard  Neutral  type  fitted  with  springs 
which  normally  hold  the  tongue  midway  between  S  and  M, 
A  current  passing  throiigh  the  relay  in  the  direction  U  to 
J)  causes  the  tongue  to  move  over  to  M,  whilst  a  current 
in  the  reverse  direction  causes  T  and  S  to  be  joined. 
Between  T  and  S  is  connected  the  "  dot "  sounder  and  local 
battery,  whilst  T  and  Kl  are  joined  by  the  "  dash  "  sounder 
with  the  local  battery  also  included.     The  arrangement  of 
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this  circuit  will  be  readily  apprehended  from  a  consideration 
of  Fig.  87.  When  the  tongue  moves  over  to  S  the  local 
battery  sends  a  current  through  the  left  sounder,  S  contact 
point,  along  the  tongue  to  2'  and  back  to  the  battery. 
Upon  cessation  of  the  current  the  spiral  springs  return 
the  tongue  to  its  normal  position  midway  between  S  and  M. 
Similarly  a  movement  of  the  tongue  to  the  right  energizes 
the  "dash"  sounder. 


Plate  Sounders. 

The  plate  sounders  each  consist  of  an  electromagnet  and 
pivoted  armature,  normally  held  away  from  its  cores  by 
means  of  an  adjustable  spiral  spring.  The  difference  in 
the  sounds  produced  by  the  two  sounders  is  due  to  the 
difference  in  the  material  composing  the  two  plates,  one 
being  of  brass  and  the  other  of  steel.  The  sounders  are 
fixed  upon  the  inner  sides  of  a  sounder-screen  mounted 
upon  a  turn-table  ;  the  remaining  details  of  their  construc- 
tion will  no  doubt  be  apparent  from  Fig.  88. 

Commutator. 

The  commutator  is  of  the  same  pattern  as  that  employed 
in  the  case  of  the  single  needle,  but  it  is  joined  up  in  a 
slightly  different  manner.  It  will  be  remembered  that  the 
depression  of  either  key  joins  up  the  battery  between  A 
and  B  in  a  direction  dependent  upon  which  of  the  two 
keys  is  used.  The  received  current  passes  along  the  X  Y 
strap  in  the  single  needle,  but  in  the  double-plate  sounder 
this  strap  is  removed  and  the  relay  inserted.  The  single- 
needle  dial  is  replaced  by  a  single-current  galvanometer, 
the  left  side  of  which  forms  the  down  line  terminal  of  the 
set.  The  object  of  these  alterations  is  to  prevent  the  sent 
signals  being  received  at  the  sending  station  and  to  provide 
an  indication  that  currents  are  being  sent  out  and  received. 
Were  the  galvanometer  not  provided,  a  disconnection  in 
the  local  circuit  would  pass  undetected. 

The  objection  to  the  reception  of  the  signals  at  the 
sending  end  are  the  extra  noise  and  the  extra  batteiy 
power  necessary,  against  which  no.  compensating  gain  in 
efiiciency  can  be  placed. 
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Connections. 


Tlie  full  connections  of  a  double-plate  sounder  station 
are  shown  in  Fig.  87.     With  a  single-current  galvanometer 


Fig.  87. — Coiinwrtioiis  of  double-pIatc  soundi»r. 

substituted  for  the  dial  and  A" and  F  unstrapj^ed  and  respect- 
ively joined  to  f/^-circle  and  D  of  tlie  relay  the  eonnections 
are  identical  with  those  of  the  single  needle.  It  is  useful 
to  remember  that  the  two  connections  between  X  and  Y 
and  the  relay  cross  each  other.   A  is  the  "  up-line  "  terminal 
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and  the  left  side  of  the  galvanometer  the  "  down  line " 
terminal.  At  an  up  office  the  galvanometer  (D  terminal) 
is  joined  to  line  and  B  {U  tenninal)  earthed,  whilst  at  a 
down  station  the  galvanometer  is  earthed,  and  A  is  joined 
to  the  line. 

The  path  of  the  current  upon  depressing  the  right  key 
is  as  foUows : — From  positive  pole  of  the  battery  to  the 
copper  spring,  along  the  right  lever,  to  A,  to  earth,  through 
earth  and  by  distant  apparatus  to  line,  along  the  line  back 
to  the  up  station  through  the  galvanometer  (deflecting  it  to 
the  right),  to  B,  to  the  centre  of  the  left  lever,  through  the 
X  back  stop  to  the  right  front  contact  screw,  along  the 
zinc  spring  back  to  the  negative  pole  of  the  battery. 

Depression  of  the  left  key  joins  the  positive  pole  of  the 
battery  through  the  galvanometer  to  the  line  vid  the 
copper  spring  and  left  lever.  The  current  passes  through 
the  distant  apparatus  to  earth  and  thence  back  to  Ay  right 
lever  and  back  stop  to  F,  to  the  left  front  contact  screw, 
and  zinc  spring  back  to  the  negative  pole  of  the  battery. 

The  path  of  the  received  current  should  be  considered  in 
relation  to  the  distant  station,  which  may  be  either  a  single 
needle  or  a  similar  instrument.  It  has  been  pointed 
out  that  the  right  key  connects  the  positive  pole  of 
the  battery  to  the  up-line  terminal.  At  a  down  station 
this  terminal  is  connected  to  line,  and  therefore  the  path  of 
the  current  from  the  down  station  is  from  the  positive  pole 
of  the  battery  along  the  line  to  the  up  station  (represented 
by  Fig.  87).  It  passes  through  the  galvanometer  from 
left  to  right  (deflection  to  right),  to  J3  to  the  centre  of  the 
left  lever  through  the  X  back  stop  to  U  and  [/-circle  of  the 
relay,  through  the  two  coils  in  parallel  to  D  and  D-circle 
(direction  U  to  1)  causing  T  to  go  over  to  A/),  to  Y, 
through  the  Y  back  stop,  along  the  right  lever,  to  A,  to 
earth,  and  thence  back  to  negative  pole  of  the  down- 
station's  battery.  The  relay  tongue  completes  the  circuit 
of  the  local  battery  through  the  right  sounder,  thus  pro- 
ducing the  "  dash "  signal  requinnl.  If  now  the  down 
station  depresses  tlie  left  key  the  direction  of  the  current 
is  reversed,  thus  deflecting  both  galvanometers  to  the  left 
and  actuating  the  up  relay  in  the  reverse  direction.  This 
causes  T  and  S  to  be  connected  and  the  "  dot "  sounder 
actuated. 
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Up  and  Down  Offices. 

The  fact  that  the  apparatus  connections  between  the  up 
and  down  line  terminals  of  the  set  are  identical  at  up, 
down,  or  intermediate  offices  is  of  vital  importance.  It 
should  be  borne  in  mind  that  the  difference  in  connections 
at  these  offices  lies  solely  in  the  joining  of  the  up  and 
down  line  terminals  to  line  and  earths,  or  to  up  line  and 
down  line  as  the  case  may  be.  At  an  up  station  the  up 
line  terminal  is  joined  to  earth  and  the  down  line  terminal 
to  the  line  to  the  down  station.  At  a  down  station  the 
down  terminal  is  earthed  and  the  up  line  terminal 
connected  to  line.  At  an  intermediate  office  the  up  line 
terminal  is  joined  to  the  up  line  and  the  down  line  terminal 
to  the  down  line.  This  applies  to  single  needles,  double- 
plate  sounders,  sounders — simplex  and  duplex — ^and  Wheat- 
stone  sets.  The  apparatus  connections  are  the  same  at 
every  class  of  office,  but  the  up  and  down  line  terminals 
are  joined  up  in  accordance  with  the  above  rules. 

Prevention  of  Sparking  at  Relay  Contacts. 

The  sounders  are  each  wound  to  a  resistance  of  20*  and 
each  is  shunted  by  a  500"  resistance  coil  to  prevent 
sparking  at  the  relay  contacts.  The  electromagnets  have  a 
considerable  self-inductance,  the  effect  of  which  is  to 
oppose  the  rise  of  the  current  upon  the  making  of  the 
circuit.  Upon  breaking  the  circuit  the  lines  of  force 
created  by  the  current  cut  through  the  windings  and 
generate  an  E.M.F.  in  the  same  direction  as  that  due  to 
the  battery.  At  the  moment  when  the  circuit  is  broken 
this  E.M.F.  adds  to  that  of  the  battery,  and  the  result 
is  a  spark.  The  shunt  across  the  sounder  provides  a 
path  for  the  current  due  to  the  E.M.F.  of  self-induction, 
other  than  that  through  the  battery  and  slightly  broken 
contact.  The  result  is  that  the  E.M.F.  between  the 
tongue  and  the  contact  point  is  reduced  to  a  minimum, 
and  sparking  with  its  resultant  wearing  and  roughening  of 
the  contacts  is  avoided. 

Earlier  Form  of  Commutator. 
The  form  of  commutator  shown   in   Fig.   87  does  not 
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short-circuit  the  battery  if  both  keys  are  simultaneously 
depressed.  In  an  earlier  form  this  was  so,  the  difference 
in  the  connections  being  that  the  right  front  contact  screw 
was  directly  connected  to  B  and  the  left  front  similarly 
connected  to  A  instead  of  via  the  respective  backstops. 
This  point  is,  however,  dealt  with  in  Chapter  XVI  (page  487). 

Arrangement  of  Apparatus. 
In  all  new  double-plate  sounders  the  galvanometer  is 


Fia.  88.— Double-plate  sounder  with  the  relay  in  ihe  screen. 

fixed  in  the  screen  and  the  relay  upon  the  table,  instead  of 
rice  term.  The  advantage  gained  is  that  the  relay  is 
more  accessible  for  adjustment,  and  that  the  sounders  and 
galvanometer  can  l)e  simultaneously  observed. 

Adjustment. 
The  adjustment  of  the  plate  sounders  is  similar  to  tliat 
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of  the  ordinary  sounder  previously  described.  The  tension 
and  upward  play  of  the  armature  are  limited  by  the  re- 
spective screws.  The  bobs  which  strike  the  sounding  plates 
are  screw^ed  upon  the  armature  lever,  and  their  position 
along  the  lever  may  be  varied.  The  lever  is  inclined  up- 
wards, and  consequently  the  jDOsition  of  the  bob  determines 
the  proximity  of  the  cores  and  armatures  when  depressed. 

The  condition  of  a  battery  varies,  and  its  E.M.F.  and 
internal  resistance  may  have  any  value  between  the  limits 
given  on  page  40.  It  will  therefore  be  seen  that  the 
current  through  the  sounders  varies,  which  is  the  principal 
reason  for  the  provision  of  adjustments.  Very  weak  local 
batteries  Avill  require  the  tension  to  be  very  small  and  the 
play  of  the  armature  as  limited  as  possible.  The  volume 
of  the  signals  may  then  be  increased  by  moving  the  ball  to 
the  outer  end  of  the  armature  rod. 

The  adjustments  of  the  relay  are — (i)  For  neutrality. 
(ii)  For  play  of  tongue,  (iii)  For  centring  of  the  tongue. 
(iv)  Tension  on  the  springs. 

When  a  relay  is  first  sent  out  it  is  in  a  neutral  condition 
when  the  spacing  screw  stands  in  the  central  position 
between  the  extreme  limits  of  maximum  spacing  and 
maximum  marking.  If  the  relay  is  entirely  out  of  adjust- 
ment the  following  procedure  is  recommended — 

(i)  Remove  the  springs  and  then  place  the  spacing 
screw  in  its  central  position,  i,  e,  with  an  equal  number  of 
threads  visible  upon  each  side  of  the  block. 

(ii)  Clean  the  contacts  and  adjust  them  until  the  relay 
is  neutral  and  the  required  amount  of  play  has  been  given. 
Then  clamp  the  contact  screws  in  position. 

(iii)  Put  on  the  springs  and  adjust  until  the  tongue  is 
exactly  midway  with  the  least  possible  amount  of  tension. 

The  object  of  the  first  operation  is  to  ensure  that  the 
contact  carriage  is  in  the  central  position,  thus  allowing  the 
spacing  screw  to  be  turned  to  an  equal  extent  in  either 
direction,  should  necessity  arise.  It  is  only  by  repeated 
improper  alt-erations  of  tlio  contact  screws  themselves  that, 
with  the  relay  in  neutral  condition,  the  carriage  could  be 
placed  so  far  out  of  the  central  position  that  tlio  spacing 
screw  could  only  be  turned  in  one  direction. 

It  is  recommended  that  in  all  cases  of  defective  regula- 
tion the  springs  should   be  removed  and   the   relay  set 
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neutral.  The  adjustment  by  passage  of  working  signals  is 
not  so  satisfactory,  and  frequently  entails  re-regulation 
after  a  comparatively  short  time.  The  play  of  the  tongue 
should  be  as  small  as  possible,  but  it  is  not  wise  to  make 
the  adjustment  too  fine.  On  the  other  hand,  too  much 
play  seriously  *'  clips  "  the  signals. 

If  one  of  the  spiral  springs  becomes  loose,  the  distant 
sending  produces  a  series  of  reversals.  Defects  in  the 
local  circuit  reveal  themselves  during  the  adjustment  for 
neutrality.  Unless  the  defect  in  the  regulation  is  quite 
obvious  it  is  far  better  to  entirely  re-adjust  the  relay. 

Faults. 

Defective  contacts  between  the  levers  and  the  X  and  Y 
back  stops  may  be  caused  by  dirt  or  by  insufficient  tension 
npon  the  key  springs.  Upon  a  circuit  with  double-plate 
sounders  at  either  end  this  would  cause  a  current  to  be 
sent  out  only  by  the  key  whose  back  contact  was  defective. 
It  would  also  entirely  prevent  reception.  If  reception  was 
not  interrupted  whilst  one  key  only  sent  out  a  current, 
either  the  other  key  front  or  top  back  contacts  are  defective 
or  one  pole  of  the  battery  is  to  earth. 

It  may  be  well  to  draw  attention  to  the  fact  that  if  both 
keys  send  out  their  current  in  the  usual  way,  both  X  and  Y 
back  contacts  have  been  proved  to  be  perfect.  Any  signal 
perfectly  sent  or  received  proves  every  portion  of  the 
apparatus- throiigh  which  the  current  has  had  to  pass,  and, 
therefore,  these  parts  do  not  need  to  be  examined.  This  is 
of  course  quite  an  obvious  fact,  but  its  importance  cannot 
be  too  greatly  insisted  upon. 

Ability  to  send  but  not  to  receive,  or,  in  other  words, 
inability  to  stop  a  call,  is  due  to  either  a  fault  in  the  home 
sending  circuit  or  iu  the  distant  receiving  circuit.  If  the 
depression  of  the  home  key  cuts  off  the  received  signals 
and  holds  the  galvanometer  needle  vertical  the  fault  is  in 
the  home  sending  circuit,  and  as  neither  key  sends  out  a 
current,  but  on  the  contrary  disconnects  the  circuit,  the 
fault  is  probably  due  to  the  disconnection  of  the  battery. 
If  the  depression  of  a  key  did  not  prevent  the  reception  of 
signals  the  battery  leads  are  short,  circuited  or  both  poles 
of  the  battery  are  to  earth.     If  the  depression  of  a  key 
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stopped  the  reception  of  signals,  but  the  galvanometer 
showed  currents  due  to  the  home-battery  and  the  distant 
battery  joining  together,  the  fault  lies  in  the  distant  receiv- 
ing circuit,  i.  e.  from  X  through  the  relay  to  F. 

A  defect  in  the  local  circuit  is  at  once  revealed  by  the 
fact  that  signals  are  received  upon  the  galvanometer  with- 
out the  plate  sounders  being  actuated.  Line  faults  are 
usually  even  more  obvious,  but  their  effects  will  be  con- 
sidered later. 

Current  required. 

The  sounders  have  a  figure  of  merit  of  73  m.a.,  and  are 
worked  by  a  2-cell  large  Daniell  battery.  The  line  battery 
consists  of  a  sufficient  number  of  No.  3  Leclanch^  cells  to 
provide  a  current  of  from  14  to  17  m.a.  with  the  relay  in 
series. 

In  Chapter  II  it  was  shown  that  the  best  method  of  join- 
ing up  the  coils  of  an  electromagnet  was  that  which  gave 
a  resistance  most  closely  approximating  to  the  resistance  of 
the  rest  of  the  circuit.  With  the  "  B  "  relay  the  coils 
should  be  placed  in  series  when  the  total  resistance  of  the 
circuit  exceeds  150"  (of  which  50"  is  for  the  relay)  and  in 
parallel  when  less.  With  the  "  A  "  form  of  relay  the  coils 
should  be  in  parallel  only  when  the  total  resistance  of  the 
circuit  is  under  300"  (of  which  100"  represents  the  relay). 
These  rules  also  show  whether  it  is  more  economical  to 
provide  28  m.a.  with  a  50"  or  100"  relay  resistance,  or 
l4  m.a.  with  a  200"  or  400"  relay  resistance. 


THE  SINGLE  CURRENT  SOUNDER. 

The  object  gained  by  Employing  the  single  current 
sounder,  as  opposed  to  the  direct  sounder,  system  lies  in 
the  economy  of  battery  power  which,  under  certain  con- 
ditions defined  later,  results  from  the  use  of  the  relay- 
worked  instrument. 

The  volume  of  the  signals  is  independent  of  the  value  of 
the  current  received,  and  the  relay  permits  a  wider  per- 
centage variation  in  the  current  received  before  working  is 
rendered  impossible.  Moreover,  the  use  of  the  relay  gives 
greater  elasticity  of  adjustment. 
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Connections. 

The  connections  of  the  apparatus  are  shown  in  Fig.  89. 
The  centre  of  the  key  goes  to  the  left  side  of  the  single 
current  galvanometer,  the  right  terminal  of  which  forms 
the  down  line  terminal  of  the  set.  The  positive  pole  of  the 
battery  is  connected  to  the  front  stop  of  the  key,  and  the 
relay  is  joined  up  in  place  of  the  sounder  of  a  direct  set. 
The  down  side  of  the  relay  goes  to  the  back  stop,  and  the 


DOWN  uiwtt  on  E 


Fig.  89.— Single-current  sounder  connections. 


up  side  forms  the  up  line  terminal  to  which  the  negative 
pole  of  the  battery  is  also  connected.  K  it  is  borne  in  mind 
that  f7-circle  is  the  up  line  terminal  the  connections  of  the 
set  are  readily  remembered.  The  sounder  and  local  battery 
are  joined  up  between  T  and  M, 

The  relay  is  given  a  distinct  spacing  bias,  which  should 
be  sufficient  to  smartly  return  the  tongue  to  8  upon  the 
cessation  of  the  current,  but  which  should  not  be  so  great 
as  to  cause  clipping  of  the  signals. 

The  set  is  joined  up  to  line  and  earth  in  the  manner 
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previously  described.*  If  the  up  station  depresses  the  key 
a  current  flows  from  the  positive  pole  of  the  hatterj'^  through 
the  galvanometer  along  the  line  to  the  down  station  through 
the  down  relay  (direction  f7  to  7),  causing  T  and  M  to  be 
joined),  through  the  back  stop  of  the  key,  through  the 
galvanometer  to  earth  and  thence  back  to  negative  pole  of 
the  up  battery.  The  current  through  the  down  relay  causes 
the  tongue  to  move  over  to  M,  thus  completing  the  circuit 
of  the  local  battery  through  the  sounder.  When  the  key  is 
released  the  spacing  bias  re-asserts  itself  and  returns  the 
tongue  to  the  spacing  side,  so  ending  the  mark. 

Faults. 

The  locating  of  faults  is  an  extremely  simple  matter,  but 
it  should  be  noted  that  the  sot  may  be  divided  into  main, 
sending,  receiving,  and  local  circuits.  The  main  circuit  is 
that  common  to  both  sending  and  receiving,  viz.  from  the 
centre  of  the  key  through  the  galvanometer  to  line  or 
earth,  as  the  case  may  be,  and  also  C7-circle  of  the  relay  to 
line  or  earth.  The  sending  circuit  is  from  U^-circle, 
through  the  battery  and  front  contact  point.  The  receiving 
circuit  is  through  the  back  stop  and  relay  to  [/-circle. 
The  local  circuit  comprises  the  sounder,  local  battery  and 
T  M  contacts. 

(3ne  example  of  the  deduction  of  the  position  of  a  fault 
will  be  given  in  order  to  illustrate  the  method  still  further. 
Let  the  symptoms  be  that  the  call  cannot  be  stopped.  The 
reception  of  signals  proves  the  main  circuit  at  both  ends, 
the  receiving  circuit  at  the  receiving  end,  and  the  send- 
ing circuit  at  the  sending  end.  This  leaves  the  sending 
circuit  and  distant  receiving  circuit.  If  depression  of  the 
key  cuts  the  circuit  the  fault  is  in  the  sending  circuit. 
If  not,  the  fault  is  in  the  distant  receiving  circuit,  i.  e.  in 
the  circuit  through  the  back  stop  of  the  key  and  the  relay. 
If  it  is  noticed  that,  upon  holding  down  the  key,  a  current 
is  sent  out  when  the  distant  station  obviously  has  his  key 
at  rest,  the  fault  is  either  short  circuit  of  the  relay  or 
possibly  the  local  battery  circuit  is  defective,  and  the  move- 
ment of  the  galvanometer  needle  has  not  been  noticed. 

*  If  the  reader  has  the  least  doubt  upon  this  point  he  should  refer  back 
to  paj(e  172  and  not  proceed  further  until  he  has  thoroughly  grasped  the 
principle. 
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It  frequently  happens  that  two  defects  of  apparently 
opposite  character  are  produced  by  defective  regulation. 
Sticky  dashes  and  missed  dots  may  be  caused  by  insuffi- 
cient bias  upon  the  relay  and  too  much  tension  upon  the 
spring  of  the  sounder.  It  may  also  be  caused  by  the  arma- 
ture of  the  sounder  being  allowed  to  approach  the  cores 
too  closely,  with  the  result  that  the  marks  stick.  Instead  of 
this  being  put  right  the  spacing  bias  is  increased  and 
sticky  dashes  still  occur  whilst  the  dots  are  missed.    ^ 

Adjustment. 

The  armature  of  the  sounder  is  sometimes  allowed  to 
approach  very  near  to  the  cores  in  order  to  get  loud  signals 
from  a  weak  local  battery.  A  definite  clearance  should, 
however,  always  be  maintained  and  the  remedy  should 
always  be  applied  at  the  point  where  the  defect  exists. 

Coils  in  Parallel  or  Skries. 

If  the  coils  of  the  relay  are  placed  in  scries  a  current  of 
15  to  20  m.a.  is  required,  whilst  in  parallel  30  to  40  m.a. 
must  be  provided.  The  arrangement  which  requires  the 
least  battery  is  chosen.  Precisely  the  same  factor  deter- 
mines whether  direct  or  relay  worked  sounder  is  to  be 
employed. 

The  resistance  of  the  B  relay  is  so  small  that  its  coils 
should  always  be  placed  in  series.  With  an  A  relay  the 
coils  should  only  be  in  parallel  when  the  resistance  of  the 
line  itself  is  under  170". 

Direct  v.  Single  Current  Sounder. 

With  13  cells  a  direct  sounder  may  be  worked  over  58** 
line  resistance,  whilst  the  same  power  employed  for  work- 
ing a  single  current  sounder  would  work  through  a  line 
having  a  resistance  of  140"  with  the  A,  and  340"  with  the 
B,  type  of  relay. 

Form  of  Battery. 

The  local  battery  was  formerly  a  5-cell  Large  Daniell, 
but  the  standard  practice  is  now  to  use  either  a  3-cell 
Large    Daniell  or  a  2-cell    Bichromate.      The  latter  is, 
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however,  only  useci   where   Bichromate  cells  are  already 
installed. 

Local  Inker. 

A  loi'al  inker  is  sometimes  used  instead  of  a  sounder, 
and  occasionally  it  is  joined  in  parallel  with  a  sounder. 
The  instrument  (Fig.  05)  is  similar  to  the  direct  inker,  but 
is  minus  key  and  galvanometer,  and  i&  wound  to  a  resistance 
of  4y*'.  A  500*  resistance  coil  fixed  inside  the  instrument 
is  connected  across  the  terminals  of  the  electromagnet  to 
prevent  sparking  at  the  relay  contacts.  Its  joint  resistance 
is  37**  and  its  figure  of  merit  09  m.a.  The  speed  of  the 
slip  should  not  be  less  than  0  feet  nor  more  than  7  feet 
per  minute. 

Use  of  "D"  Relays. 

For  reasons  of  economy  single  current  sounder  circuits 
are  now  worked  with  *'!)"  relays,  of  the  form  illustrated  in 
Fig.  81.  The  relay  is,  however,  mounted  upon  a  wooden 
base  carrying  the  terminal  screws,  and  is  furnished  with  a 
brass  cover  having  a  glass  top.  It  is  singly  wound  to  a 
resistance  of  200",  requires  a  current  of  25  m.a.,  and  costs 
about  one-third  as  much  as  a  P.O.  standard  polarized  relay. 


CHAPTER  VI 

CAPACITY,   CONDENSERS,  AND  THE  DOUBLE- 
CURRENT  SOUNDER. 

Condensers. 

A  CONDENSER  essentially  consists  of  two  conductors 
separated  by  an  insulator  termed,  in  this  connection, 
the  dielectric.  The  capacity  of  the  condenser  is  the  value 
of  its  charge  or  the  quantity  of  electricity  vvdtli  which  it  is 
charged  by  unit  potential  difference  (p.  14).  A  condenser 
having  a  capacity  of  one  farad  would  therefore  be  chapged 
with  one  coulomb  of  electricity  if  a  difference  of  potential 
of  one  volt  existed  between  its  terminals. 

Capacity. 

In  order  to  appreciate  the  effects  and  behaviour  of 
capacity  generally,  it  is  necessary  to  carefully  consider  the 
fundamental  difference  which  exists  between  a  conductor 
and  an  insulator.  The  former  permits  the  passage  of  a 
continuous  electric  current  through  it,  whilst  the  latter 
does  not.  Now  the  creation  of  a  difference  of  potential 
between  the  two  sides  of  an  insulator  {e.  g.  a  slab  of  paraffin 
wax)  produces  an  electric  strain  through  it.  In  the  case  of 
the  lightning  protector  it  is  clearly  demonstrated  (Chapter 
XVIII)  that  a  large  potential  difference  produces  so  great  a 
strain  upon  the  layer  of  air  between  the  plates  tliat  the  air 
breaks  down,  and  a  disruptive  discharge  occurs.  Again, 
it  is  well  known  that  a  leyden  jar  may  be  broken  into 
fragments  by  applying  a  sufficiently  large  difference  of 
potential.  The  creation  of  a  difference  of  potential  between 
the  sides  of  the  slab  of  wax  produces  a  strain  and  a 
current  flows  into  the  dielectric  at  one  side,  and  a  current  of 
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equal  value  flows  out  at  the  other.  This  current  ceases 
when  the  backward  pressure  of  the  dielectric  is  equal  to 
the  forward  pressure  of  the  battery,  in  other  w^ords  when 
the  backward  E.M.F.  of  the  condenser  is  the  same  as  that 
of  the  battery.  If  the  battery  is  removed  and  the  terminals 
of  the  condenser  are  connected  by  a  conducting  path,  the 
strain  will  relieve  itself  by  discharging  the  quantity  of 
electricity  whose  admission  gave  rise  to  the  state  of  strain. 
This  discharge  is  a  current  from  the  positive  to  the  negative 
electrode  of  the  condenser  through  the  conducting  path 
substituted  for  the  battery. 

Electro-statio  Lines  of  Force. 

The  lines  along  which  electric  strains  occur  are  termed 
electric  lines  of  force,  and  a  definite  numerical  value  is 
assigned  in  a  similar  manner  to  that  given  to  magnetic 
lines  of  force.  A  static  line  of  force  begins  upon  a  con- 
ductor of  higher  potential  and  ends  upon  one  of  lower 
l)otential.  In  the  case  of  a  charged  condenser  they  extend 
from  plate  to  plate,  and  serve  to  mark  out  the  direction  of 
the  electric  strain  and  by  their  number  express  its  value. 
There  is  a  tension  along  their  length  and  they  always 
endeavour  to  shorten  themselves  by  an  attracting  pull 
between  the  two  conductors  to  which  they  are  attached. 
Parallel  lines  of  force  of  similar  direction  exert  a  lateral 
repulsion  upon  each  other. 

Electro-static  Explanation  of  Capacity. 

Although  the  foregoing  statement  represents  the  simplest 
and  easiest  way  of  regarding  the  phenomenon  of  capacity, 
it  may  perhaps  be  well  to  give  also  the  more  conventional 
or  electro-static  explanation.  Two  insulated  conductors 
may  be  thrown  into  opj)08ite  electrical  conditions  by  means 
of  a  battery,  influence  machine,  or  other  source  of  E.M.F. 
The  conductor  connected  to  the  positive  pole  of  the  battery 
assumes  a  positive,  and  that  connected  to  the  negative  pole 
assumes  a  negative  potential,  and  when  oppositely  charged 
conductors  are  joined  by  a  wire  a  current  flows  from  the 
conductor  of  higher  "  electrical  level "  or  "  potential "  to  the 
lower,  thus  causing  the  bodies  to  regain  their  normal 
uncharged  condition.      The  quantity  of   electricity  which. 
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the  bodies  will  contain  depends  npon  the  proximity,  size, 
electrical  pressure  applied,  and,  lastly,  upon  the  materials 
insulating  them. 

Dimensions  of  Condensers. 

Upon  connecting  a  battery  to  a  condenser  a  current  flows 
until  the  difference  of  potential  across  the  condenser  is  the 
same  as  the  E.M.F.  of  the  battery.  If  the  battery  is  short 
circuited  the  condenser  discharges  in  the  opposite  direction 
to  that  of  the  current  which  charged  it. 

The  capacity  of  a  condenser  depends  upon  its  dimensions 
and  the  material  of  which  the  dielectric  is  composed.  With 
a  given  thickness  of  dielectric  between  two  metal  plates  of 
equal  size  the  capacity  is  directly  proportional  to  the  area 
of  either  plate.  The  reason  is  that  in  doubling  the  area  of 
the  plates  the  area  of  dielectric  strained  is  doubled,  and 
therefore,  since  the  difference  of  potential  is  the  same 
between  every  part  of  the  one  plate  and  every  part  of  the 
other  plate,  the  quantity  of  electricity  stored  is  doubled. 

By  doubling  the  thickness  of  the  dielectric  the  capacity 
is  halved  if  the  size  of  the  plates  is  unaltered.  This  is  due 
to  the  greater  stiffness  of  the  thicker  dielectric  to  an 
electric  strain. 

Specific  Inductive  Capacity. 

If  a  number  of  condensere  are  constructed  of  precisely 
eqiuil  dimensions,  but  with  different  materials  as  dielectric, 
it  will  be  found  that  tlieir  capacities  will  also  differ  to  a 
considerable  extent,  the  condenser  in  which  the  plates  are 
separated  by  air  having  the  smallest  capacity.  The 
values  of  the  capacity  obtained  with  the  various  materials 
substituted  for  the  air  dielectric  are  therefore  st4ited 
relatively  to  the  capacity  of  the  air  condenser,  which  is 
taken  as  unity.  Since  the  relative  capacities  are  always 
the  same  for  the  various  materials,  provided  the  condensers 
are  of  equal  dimensions,  the  numerical  values  refer  solely 
to  the  dielectric  material.  The  numbers  are  those  by 
which  the  capacity  of  an  air  condenser  must  be  multiplied 
in  order  to  obtain  the  capacity  of  the  condenser  when  the 
material  in  question  is  substituted  for  air.  The  number 
assigned  to  each  substance  is  termed  its  specific  inductive 
capacity,  or  briefly  its  specific  capacity. 
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The  valnes  of  the  specific  capacity  of  a  few  materials 
commonly  employed  are  given  below : — 


Material. 

Bpecific  capacity 

Air 

1 

Paraffin  wax,  clear   . 

1-92  10  1-977 

„     milky 

2-47 

Paraffined  paper 

2-8 

India-rnbber,  pure   . 

2-34 

,,          ,,        vulcanized  . 

2-94 

Ebonite    .... 

2-56  to  3-15 

Gutta-percha    . 

4-2 

Mica        .... 

5 

Flint  glass 

I       6-67  to  10-1 

The  capacity  of  two  copper  wires  of  equal  diameter  and 
length  covered  with  an  equal  thickness  of  gutta-percha  and 
^^^lcanized  india-ruhber  respectively  will,  if  submerged, 
have  relative  capacities  in  the  ratio  of  4*2  to  2'94. 

The  capacity  of  a  plate  condenser  varies  directly  as  the 
area  and  specific  capacity  and  inversely  as  the  thickness  of 
dielectric  strained.  Three  metal  plates  separated  by  two 
dielectric  slabs  will  give  twice  as  great  a  capacity  from 
the  centre  to  the  two  outer  plates  as  two  sheets  of  metal 
separated  by  a  single  dielectric  slab.  The  three-electrode 
condenser  is  clearly  equivalent  to  two  two-plate  condensers 
joined  together,  thus  doubling  the  area  of  dielectric  strained, 
but  with  the  same  potential  difference  applied  throughout. 
The  capacity  in  microfarads  of  a  condenser  with  two  equal 
plates  separated  by  a  single  sheet  of  dielectric  is  approxi- 
mately : — 

^-^  ^  X  -0(10,000,2240 
t 

where  a  is  the  area  of  dielectric  strained,  ?.  c.  the  area  of 
either  metal  plate,  h  is  the  specific  capacity  of  the  dielectric, 
and  t  its  thickness  in  inches.^' 

*  The  formula  is  obtained  as  follows  : — 

a  k 
K  (absolute  elcotro-stntic  unit**)  ~~t-  ~. 

1  absolute  electro-magnetic  unit  of  capacity  =  r*  static  units  where  v 


CAPACITY  AND  CONDENSERS 


215 


Condensers  in  Parallel  and  Series. 

Condensers  may  be  joined  up  in  tuvvo  different  ways,  viz. 
in  parallel  and  in  series,  or  cascade  as  it  is  sometimes 
termed.  The  latter  method  is  very  seldom  if  ever  used  in 
telegraphy,  but  it  has  a  definite  sphere  of  utility  which  will 
be  apparent  when  the  question  of  joint  capacity  has  been 
considered.  The  two  methods  are  illustrated  in  Figs.  90 
and  91. 

When  condensers  are  joined  up  in  parallel  it  will  be 
quite  evident  that  the  effect  is  to  increase  the  area  of 
dielectric  subjected  to  strain,  and  therefore  that  the  resultant 


o 


6 


Fio.  00.— Three  coiuit  nsi rs  ia  parallel. 

or  joint  capacity  of  the  combination  is  obtained  by  adding 
their  capacities  together.  In  the  case  illustrated,  in  Fig. 
90,  if  the  respective  capacities  are  5  m.f.,  2  m.f.,  and  1  m.f., 
the  joint  capacity  is  5  4-  2  +  1  =  8  m.f. 

Three  condensers  are  depicted  in  Fig.  91  joined  in  series 
or  cascade,  and  the  joint  capacity  is  then  less  than  that  of 


is  nnmerically  equal  to  tlie  velocity  of  light,   viz.  8  x  10^"  cm.   per 
second. 

10'*  m.f.s  =  1  absolute  clectro-magrietic  unit  of  capacity. 

akx  10«_    

.-.  ^111  m.f.s   -  ^  -  4  X  31410  x  3'-^  x  lO^" 
88.42  a  A; 


^  X  10» 
88-42  X  2-542  ^^k 
~   t  X  2-54  X  10» 


where  a  and  ^  are  in  cm.s. 

where  a  and  /  are  in  inches. 
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the  smallest  condenser.  This  is  due  to  the  greater  thick- 
ness of  dielectric  interposed  between  the  two  extreme  out- 
side plates,  since  each  condenser  placed  in  series  interposes 
the  thickness  of  its  dielectric  in  the  direction  of  the  electric 
strain. 

The  joint  capacity  of  condensers  in  series  is  ascertained 
in  the  same  manner  as  that  of  circuits  placed  in  parallel. 
It  is  equal  to  the  reciprocal  of  the  sum  of  the  reciprocals  of 
the  separate  capacities.  Taking  the  same  values  as  before, 
viz.  5  m.f.,  2  m.f.,  and  1  m.f.,  respectively : — 


Joint  capacity  — 


1  10       , 


In  the  case  of  two  condensers  placed  in  series  the  above 
rule  may  be  simplified  in  the  same  way  as  that  for  two 


o- 


o 


Fio.  91.— Three  C4indcn8er8  In  casca^le  or  sorfes. 

circuits  in  jxivallel,  viz. :  that  the  joint  capacity  of  two 
condensers  in  series  is  equal  to  their  product  divided  by 
their  sum.  Similarly,  if  condensers  of  equal  capacity  are 
connected  in  series  the  joint  capacity  is  equal  to  the 
capacity  of  one  of  them  divided  by  their  number. 

Example. — (a)  Wlftit  will  be  the  joint  capacity  obtained 
by  connecting  a  condenser  of  5  m.f.  in  series  with  one  of  3 
m.f.  capacity  ?  (b)  Find  the  joint  capacity  of  five  2  m.f. 
condensers  joined  in  series. 


.  X  5  X  3 


1-^  -  1-875  m.f. 


(6)  ^  -  -4  m.f. 


Dielectric  for  Condensers. 

The  choice  of  materials  for  use  as  dielectric  in  telegraph 
condensers  is  extremely  limited.     Glass  is  too  fragile  for 
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use  in  extremely  thin  sheets,  and  by  sufficiently  increasing 
the  thickness  Uie  size  and  cost  of  the  condenser  are  enor- 
mously enhanced.  Gutta-percha  can  be  made  in  very  thin 
sheets,  but  unless  kept  under  water  it  rapidly  becomes 
hard  and  brittle.  Mica  would  certainly  be  an  ideal  sub- 
stance, were  it  not  for  the  fact  that  its  cost  prevents  its  use 
in  any  but  standard  condensers.  For  telegraph  purposes 
paraffined  paper  is  exclusively  employed  with  entirely 
satisfactorv  results. 


Condensers  used  in  Telegraphy. 

Formerly,  telegraph  condensers  were  built  up  of  alternate 
sheets  of  paraffined  paper  and  tinfoil,  two  sheets  of  paper 
being  used  to  separate  the  adjacent  sheets  of  tinfoil.  ITie 
two  top  corners  of  every  paper  were  cut  off,  but  only  one 
comer  of  each  foil  was  removed.  As  the  foils  were  laid 
alternately  with  their  whole  comere  in  opposite  directions, 
it  will  be  obvious  that  the  comei-s  of  foils  1,  3,  5,  7,  etc., 
projected  beyond  the  papers  upon  the  one  side,  whilst  foils 
2,  4,  fi,  8,  etc.,  upon  the  other,  thus  affording  a  simple  and 
obvious  method  of  connection.  The  whole  series  was  held 
in  position  by  two  iron  plates  of  rather  larger  size  than  the 
paper,  and  securely  bolted  together  at  the  comers. 

The  method  of  condenser  manufacture  now  in  use  by  the 
Post  Office  is  based  upon  the  process  introduced  and  patented 
by  G.  F.  Mansbridge  in  190(),  by  means  of  which  the  cost 
of  building  condenser  plates  has  been  very  materially 
decreased.  This  process  consists  in  the  use  of  the  material 
known  as  "  tinfoil  paper,*'  in  place  of  the  metallic  foil  and 
plain  paper  previously  employed.  The  tinfoil  paper  for 
making  condensers  is  prepared  in  the  form  of  continuous 
reels,  and  the  process  of  making  a  condenser  plate  consists 
simply  in  winding  up  into  the  form  of  a  flat  roll  two  strips 
of  this  paper,  each  strip  being  perhaps  30  feet  long,  the 
precise  length  depending,  of  course,  upon  the  capacity  of 
the  plate  required.  The  tinfoil  paper,  which  is  somewhat 
similar  to  the  paper  used  commercially  for  wrapping  up 
packages  of  tea,  etc.,  is  prepared  by  pasting  tin  which  has 
been  reduced  by  chemical  processes  to  a  state  of  extremely 
fine  sub-division,  upon  one  side  of  a  thin  "body  paper.'* 
To  render  this  coating  of  tin  paste  practically  continuous. 
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and  to  improve  itfl  electrical  conductance,  the  prepared 
paper  is  Bul)jected  in  the  course  of  manufacture  to  a  calen- 
dering process,  which  consolidates  and  burnislies  the  minute 
particles  of  tin,  and  firmly  fixes  the  metal  to  the  body 
paper.  It  will  be  obvious  that  when  two  spirals  of  such 
paper  are  rolled  up  together  the  thin  film  of  tin  on  one 
spiral  will  be  separated  from  that  of  the  other  spiral  by 
means  of  the  paper  which  forms  the  dielectric.  To  obtain 
veiy  high  insulation,  and  to  increase  the  dielectric  strength 
it  is  usual  to  interleave  between  the  strips  of  tinfoil  paper 
a  strip  of  thin  plain  paper,  ?'.  e,  two  strips  of  tinfoil  paper, 
and  two  strips  of  plain  paper  are  arranged  alternately  and 
rolled  up  together.  The  coating  of  tin  on  the  tinfoil  paper 
is  so  extremely  fine  that  it  would  not  be  possible  to  make  a 
soldered  electrical  connection  to  it,  consequently  the  "  lugs" 
by  which  contact  is  maintained  consist  of  strips  of  thin 
metal  foil  laid  between  the  foiled  surfaces  and  the  inter- 
leaving paper,  separate  lugs  being  of  course  used  for  the 
two  foiled  surfaces.  After  being  removed  from  the  wnnding 
machine  the  rolled  strips  are  thoroughly  desiccated  by  pro- 
longed heating  at  a  temperature  of  about  2()0°  F.,  and  the 
last  traces  of  moisture  are  then  extracted  by  means  of 
desiccation  under  vacuum.  When  thoroughly  dry  and  still 
in  vacuo,  hot  paraffin  wax  is  allowed  to  flow  into  the  vacuum- 
pan,  and  after  the  plates  have  soaked  for  some  hours  so  that 
the  wax  may  thoroughly  penetrate  the  pores  of  the  paper, 
the  vacuum  is  ])roken,  the  wax  is  drained  off,  and  the  plates 
are  then  taken  out  and  put  under  considerable  pressure 
until  cold.  They  are  then  tested  for  capacity  and  insulation. 
Obviously  the  value  of  the  capacity  can  be  adjusted  by 
peeling  off  some  of  the  outside  layers  to  reduce  the  capacity, 
or  by  re-soaking  the  plate  and  subjecting  it  to  a  greater 
pressure  to  increase  the  capacity.  The  standard  plate  is  of 
the  2  microfarad  size,  and  this  contains  21  square  feet  of 
surface  to  each  electrode.  The  dimensions  of  a  finished 
2m.f.plateare7y'  X  4tY'  X  V' thick,  and  its  average  weight 
is  13  ozs.  The  specific  inductive  capacity  of  the  paraffined 
paper  may  be  taken  at  28.  Cjilculations  made  from  a  con- 
denser constructed  of  "  tinfoil  paper "  would  give  results 
somewhat  higher  than  this  figure,  due  to  the  fact  that  the 
effective  thickness  of  the  body  paper  is  less  than  its  apparent 
thickness  owing  to  the  particles  of  tin  being  so  thoroughly 
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driven  into  tlie  pores  of  the  paper  in  the  process  of 
manufacture.  The  insulation  resistance  obtained  from  a 
condenser  depends  upon  many  details  of  manufacture,  and 
also  upon  the  conditions  under  which  the  test  is  made, 
particularly  as  regards  temperature.  It  is  useless  to  look 
for  high  insulation  unless  the  last  traces  of  moisture  have 
been  removed  from  tlie  paper,  and  unless  the  paraffin  wax 
and  the  paper  are  of  the  highest  quality. 

It  should  be  added  tliat  tlie  whole  arrangement  is  firmly 


Fio.  92. — Arrangement  and  principle  of  7\  m.f.  condenser. 


clamped    between    iron    plates   in   precisely  the    manner 
described  in  tlie  case  of  the  older  type  of  condenser. 

The  external  appearance  of  the  7^  m.f.  condenser  and  its 
connections  are  shown  in  Figs.  92  and  03.  It  is  divided 
into  two  sections  in  order  that  it  may  be  used  in  place  of 
the  two  separate  condensers  which  would  othenvise  be 
required  upon  long  duplex  and  other  circuits.  The  seven 
section  lugs  are  connected  to  condenser  plates  of  the 
capacities  indicated  in  Fig.  92.     Capacity  is  inserted  by 
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plugging  the  main  and  section  bars  together.  To  obtain 
the  full  capacity  1\  mi.  A  and  B  are  joined  together  and 
all  the  plugs  inserted  so  as  to  connect  all  the  plates  of 
the  condenser  together. 

Insulation  of  Condensers. 

Immediately  the  insulation  of  a  condenser  fails  it  becomes 
a  mere  resistance  and  incapable  of  holding  a  charge. 

For  use  upon  cable  circuits  condensers  of  far  larger 
capacity  and   divided   into  three   sections   are   frequently 


Fio.  1)3.— 7i  la.f.  cuudenser. 

employed.     This  point  is  however  dealt  witlhin  connection 
with  duplex  circuits. 

Specification  of  Insulation  and  Capacity. 

The  temperature  coefficient  of  the  insuLiting  materials 
being  very  high,  a  standard  temperature  must  necessarily  be 
decided  upon,  and  this,  in  the  case  of  condensers,  is  usually 
(>0^  F.  At  this  temperature,  and  with  a  pressure  of  400  volts, 
the  minimum  insulation  of  a  new  condenser  according  to 
the  Post  Office  specification  is  1000  megohms  per  micro- 
farad, the  insulation  being  measured  after  one  minute's 
*'  electrification,"  i.  e.  the  reading  upon  which  the  insulation 
is  to  be  calculated  is  observed  at  precisely  one  minute  after 
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the  battery  is  first  applied  to  the  condenser  (see  page 
G51).  It  is  nec^essary  to  be  precise  upon  this  point  as  the 
electrification  of  a  good  paraffined  paper  condenser  is  very 
considerable.  As  compared  with  that  during  the  first 
minute  there  is,  however,  very  little  subsequent  electrification. 

The  insulation  of  a  7^  m.f.  condenser  after  one  minute's 
electrification  would,  at  00°  F.,  have  to  be  at  least  138 
megohms. 

The  capacity  of  telegraph  condensers  is  correct  to  5% 
above  or  below  their  nominal  values. 

Condenser  Discharge. 

The  discharge  of  a  condenser  when  employed  in  ordinary 
telegraphy  is  always  accomplished  by  a  flow  of  current 
from  the  positive  to  the  negative  side  of  the  condenser 
through  the  circuit  connecting  them.  If,  however,  the 
resistance  and  self-inductance  of  the  discharging  circuit 
are  extremely  low  and  bear  a  certain  relation*  to  the 
capacity  of  the  condenser,  the  discharge  becomes  oscillatoiy. 
This  phenomenon  plays  a  vitally  important  part  in  wireless 
telegraphy,  and  it  may  best  be  explained  by  analogy. 
Take  a  flat  piece  of  whalebone  3  or  4  inches  in  length 
and  clamp  one  end  in  a  suitable  hand-vice.  If  the 
whalebone  is  deflected  and  suddenly  released  it  will 
vibrate  backwards  and  forwards  past  its  normal  position  of 
rest,  but  the  amplitude  of  its  vibration  will  grow  gradually 
less  and  less  until  finally  all  vibration  ceases.  This 
experiment  is  supposed  to  have  been  made  in  air,  and  it  is 
the  friction  between  the  moving  whalebone  and  the  air 
which  finally  brought  it  to  rest.  Let  the  same  experiment 
be  repeated,  but  with  the  whole  arrangement  immersed  in 
treacle.  When  the  spring  is  pulled  aside  and  released  it 
will  slowly  return  to  its  normal  position  without  oscillation, 
because  the  frictional  resistance  is  too  great.  In  this 
analogy  the  spring  corresponds  to  the  charge  of  the 
condenser,  and  the  medium  in  which  it  dissipated  its 
energy  to  the  external  circuit  through  which  the  condenser 
is  discharged.     If  the   resistance  and  inductance  of  the 

*  The  (luichaige  is  oscillatory  if  the  ohinic  resistance  of  the  dischaiging 
circuit  is  less  than  the  square  root  of  four  times  the  inductance  in  henries 
difided  by  the  capacity  of  the  condenser  in  farads. 
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circuit  is  small,  the  charge  swings  backwards  and  forwards, 
first  from  the  positive  to  the  negative  side,  and  in  over- 
shooting its  mark  makes  the  formerly  negative  side  positive, 
and  the  formerly  positive  side  negative.  This  results  in  a 
discharge  in  the  reverse  direction,  which  again  overshoots 
the  mark,  and  makes  the  formerly  positive  side  again 
positive.  This  oscillatory  current  continuously  diminishes 
in  magnitude  until,  finally,  it  dies  away  altogether. 


THE  DOUBLE  CURRENT  SYSTEM, 

In  the  single  current  system  the  tongue  of  the  relay  is 
restored  to  the  nonnal  position  upon  cessation  of  the  cur- 
rent either  by  a  magnetic  bias,  or  by  a  spring  in  the  cases 
where  non-polarized  relays  are  employed.  In  the  double 
current  system  a  polarized  relay  is  necessarily  always  em- 
ployed, and  a  current  in  the  reverse  direction  to  the  mark- 
ing current  is  employed  to  restore  the  tongue  to  the  spacing 
side.  This  current  is  termed  the  "spacing'*  in  contra- 
distinction to  the  "  marking  "  current,  i.e.  the  current  which 
causes  the  completion  of  the  local  circuit.  The  difference 
between  a  series  of  signals  sent  under  the  two  systems  is 
that  in  the  double  current  arrangement  the  blank  spaces 
between  the  "  marking "  currents  of  the  single  current 
system  are  filled  by  a  reverse  or  spacing  current.  At  rest 
the  key  sends  out  a  spacing,  and  when  depressed  a  marking 
current,  which  latter  is  in  the  same  direction  as  that  in  the 
single  current  system. 

Advantages  of  Double  Current  8vstem. 

The  use  of  the  double  current  system  upon  long  lines 
increases  the  si3eed  of  working,  and  gives  greater  perma- 
nence of  adjustment  as  compared  with  single  current 
working.  The  causes  of  these  advantages  may  be  sum- 
marized as  follows : — 

1.  It  hastens  the  discharge  of  the  line  which  is  ordin- 
arily comparatively  slow. 

2.  The  relay  is  worked  in  the  neutral,  and  therefore  in 
its  most  sensitive  and  rapid  condition. 

3.  It  eliminates  the  effects  of  residual  magnetism  in  the 
cores  of  the  receiving  relay. 
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4.  The  effects  of  a  variation  of  received  current  are 
reduced  since  both  marking  and  spacing  currents  are 
equally  affected,  and  the  instrument  is  therefore  self- 
adjusting. 

Reverse  Cuurent  and  Charge  upon  the  Line. 

In  order  to  clearly  realize  the  effect  of  the  spacing 
current  it^is  necessary  to  consider  the  effect  of  the  capacity 
of  the  line  upon  the  working  of  a  circuit. 

A  condenser  has  been  defined  as  two  conductors  separ- 
ated by  an  insulating  medium,  and  it  will  therefore  be 
seen  that  any  telegraph  line  may  be  regarded  as  a  con- 
denser. The  aerial  line  wire  itself  forms  one  conductor, 
and  the  earth  below  it  the  other.  These  two  conductors 
are  separated  by  air,  and  there  are,  therefore,  all  the  essen- 
tial features  of  a  condenser.  In  the  case  of  a  subterranean 
or  submarine  ca})le  the  wire  and  the  earth  are  much  closer 
together,  and  the  gutta-percha  insulation  which  separates 
them  has  a  much  higher  si^ecific  capacity  than  air.  The 
result  is  that  the  capacity  of  an  underground  circuit  is  far 
higher  than  that  of  an  open  line.  In  fact,  one  mile  of 
gutta-percha  imderground  has  approximately  the  same 
capacity  as  twenty  miles  of  open  line.  With  the  increased 
use  of  air-space  cable  this  disadvantage  has,  however,  been 
materially  reduced. 

When  an  earthed  battery  is  connected  to  a  telegraph 
circuit  the  capacity  of  the  line  has  to  be  satisfied  before 
the  full  value  of  the  current  is  received  at  the  distant  end. 
The  charging  of  the  line  as  a  condenser  occupies  a  definite 
length  of  time  which  is  much  greater  for  very  long  or 
underground  circuits  than  for  short  open  lines.  Upon 
stopjung  the  current  the  line  discharges  the  quantity  of 
electricity  upon  it.  This  discharge  current  flows  from  the 
line  at  both  ends  if  both  are  earthed,  and  at  the  receiving 
end  it  tends  to  prolong  the  mark.  This  discharge  is  also 
comparatively  slow,  and  therefore  on  very  long  circuits  the 
interval  between  successive  signals  must  be  made  greater 
in  order  to  prevent  their  running  together.  Very  sharp 
dots  would  be  lost  entirely,  due  to  the  quantity  of  elec- 
tricity sent  on  to  the  line  being  small  and  insuflficient  to 
fully  charge  it.  The  small  quantity  of  electricity  would 
distribute  itself  over  the  line  and  a  very  small  discharge 
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current  would  probably  flow  out  at  both  ends.  That  at 
the  receiving  end  would  be  quite  insufi&cient  to  actuate  the 
apparatus. 

When  the  double  current  system  is  employed  the  reverse 
current  hastens  the  discharge  of  the  line  which  occurs 
almost  entirely  through  the  sending  battery.  In  the  case 
described  above  the  reverse  current  would  produce  a  sort 
of  whip-like  flick  of  current.  To  cause  a  whip  to  crack  it 
is  moved  forward  and  suddenly  jerked  back.  This  appar- 
ently irrelevant  illustration  is,  as  a  matter  of  fact,  rather 
a  close  analogy  to  the  actual  effect  of  the  reverse  current  in 
producing  sharper  and  therefore  more  rapid  signals. 

Detailed  Explanation  involving  Knowledge  of 
Chapter  VII. 

The  precise  behaviour  of  the  reverse  current  may  readily 
be  deduced  from  a  consideration  of  the  principles  explained 
upon  page  249  et  aeq.  The  charge  upon  a  line  due  to  a 
marking  current  from  an  up  station  is  represented  by  a 
triangle  similar  to  that  shown  in  Fig.  Ill,  but  drawn  above 
the  line  as  in  Fig.  146.  If,  now,  the  sending  end  is  sud- 
denly earthed,  as  by  releasing  a  single  current  key,  the  line 
discharges,  tw^o-thirds  of  the  charge  flowing  to  earth  at 
the  sending  and  one-third  at  the  receiving  end.  This 
one-third  is  in  the  same  direction  as  the  marking  current, 
and  therefore  prolongs  the  signal.  Had  the  battery  at  the 
sending  end  been  reversed  instead  of  earthing  the  line  it 
will  be  seen  that  practically  the  whole  of  the  discharge  of 
the  line  would  pass  through  the  reversed  battery.  This 
would  clearly  prevent  the  prolongation  of  the  signal. 

Consider  now  the  case  where  the  line  is  negatively 
charged  by  the  spacing  current  as  shown  in  Fig.  111.  In- 
stantly the  battery  is  reversed  a  heavy  current  flows  from 
it,  reversing  the  sign  of  the  charge  upon  the  line  and  repro- 
ducing the  conditions  described  above.  But  during  this 
process,  rapid  as  it  is,  a  certain  portion  of  the  xjrevious 
negative  charge  is  dissipated  by  a  negative  discharge  to 
earth  at  the  receiving  end.  This  expedites  the  process 
of  clearing  the  negative  charge  before  the  reverse  charge  is 
commenced.  The  discharge  at  the  receiving  end  is  in  the 
spacing  direction,  and  therefore  the  actual  marks  are 
unaffected. 
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Other  Advantages  of  the  Double  Current  System. 

The  reverse  current  reverses  the  magnetization  of  the 
relay  and  therefore  the  effects  of  residual  magnetism  are 
minimized  (see  page  100). 

The  advantage  stated  under  the  heading  3  on  page  222 
also  carries  with  it  the  corollary  that  less  battery  power 
should  be  required  to  work  double  instead  of  single  current, 
because  there  is  in  the  former  case  no  magnetic  bias  to  be 
overcome.  In  practice,  however,  a  small  spacing  bias  is 
always  given  to  the  relay  in  order  to  prevent  the  sounder 
from  chattering.  For,  if  the  relay  is  set  exactly  neutral,  it  is 
80  sensitive  that  the  extremely  minute  currents  induced  by 
neighbouring  working  circuits  or  by  slight  earth  or  stray 
currents  will  cause  the  tongue  to  vibrate.  Upon  the  other 
liand,  if  the  tongue  continuously  remains  at  M  when  the 
circuit  is  idle  the  local  batteiy  is  needlessly  used. 

The  last  advantage,  stated  under  heading  4,  is  one  of 
considerable  practical  importance.  Since  the  marking  and 
spacing  currents  will  be  equally  and  similarly  affected  by 
a  variation  in  the  received  current,  the  instrument  is  con- 
sequently self-adjusting.  In  the  case  of  a  single  current 
set,  the  relay  is  given  a  definite  and  constant  bias  and 
variations  in  the  value  of  the  current  received  therefore 
produce  irregularity  in  the  received  signals.  Again,  where 
a  number  of  stations  are  placed  upon  one  circuit  the 
current  sent  out  by  each  office  varies  and,  with  the  single 
current  system,  working  becomes  practically  impossible  on 
account  of  the  re-regulation  of  the  rehiy  which  is  required 
for  each  station.  Part  of  this  trouble  is  of  course  due 
to  residual  magnetism.  With  double  current  working  there 
is  practically  no  bias  upon  the  relay,  and  re-regulation  is 
obviated  since  an  office  from  which  a  weak  marking  current 
is  received  also  furnishes  an  equally  weak  spacing  current. 
ITie  office  sending  a  strong  marking  current  also  sends  an 
equally  strong  spacing  current,  and  the  working  of  the 
relay  is  therefore  not  affected  by  the  difference.  With 
the  single  current  system  a  large  current  would  leave  a 
considerable  amount  of  residual  magnetism. 

Double  Current  Key. 

The  double  current  key  (Fig.  94)  is  provided  with  a 
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switch,  which  joins  up  the  relay  for  reception  in  one 
position,  and  in  the  other  connects  the  battery  between 
the  lip  and  down  terminals  in  a  direction  which  depends 
upon  the  position  of  the  key.  It  will  be  obvious,  that, 
since  the  key  when  at  rest  sends  out  a  spacing  curi'ent, 
a  means  of  disconnecting  the  batteiy  and  joining  up  the 
receiving  apparatus  must  be  provided.  This  is,  then,  the 
function  of  the  "  send  "  and  "  receive  "  switch  fixed  upon  * 
the  left  side  of  the  key-handle. 


Fio.  04.— Plan  of  a  double  current  key. 


Fio.  95.— Conventional  method 
of  illustrating  a  double  cnr- 
rtnt  key. 


The  key  is  furnished  with  five  terminals,  two  of  which, 
Z  and  C,  are  used  for  the  battery,  two  for  the  up  and  down 
sides  of  the  key,  and  one,  the  centre  terminal,  for  the 
receiving  circuit.  The  key  itself  consists  of  a  divided 
lever  furnished  with  four  contact  points  which  play 
between  four  platinum-tipped  springs  connected  to  Z  and 
C.  A  section  of  the  end  of  the  key  with  the  lever  in  its 
lower  position  is  shown  in  Fig.  95.  Terminal  C  is  thus 
connected  through  the  lower  "copper"  spring  and  left- 
hand  side  of  the  lever  through  the  right-hand  side  of  the 
left  switch  lever  to  U,   Z  is  connected  via  the  lower  "  zinc  ** 
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spring  and  right  side  of  the  lever  through  the  right  con- 
tact of  the  right  switch  to  D.  Upon  depression  of  the  key 
the  end  rises  and  the  left  side  of  the  lever  breaks  contact 
with  the  lower  "  copper  "  spring  and  makes  with  the  upper 
"zinc"  spring.    The  right  side  of  the  lever,  simultaneously, 
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Pjo.  00.— Skeleton  counectlona  In  ench  position  of  the  key. 

breaks  with  the  "  zinc "  and  makes  with  the  "  copper " 
spring,  the  result  being  that  Z  and  C  are  respectively  con- 
nected to  U  and  D.  Upon  the  handle  of  the  switch  being 
moved  to  "receive,"  the  two  levers  of  the  switch,  which 
are   mechanically   (but    not    electrically)   joined    together, 


Fio.  U7.— Double  current  key. 

move  over  to  their  left  contacts  thus  disconnecting  the 
key  lever  altogether,  and  joining  the  centre  terminal  to  D. 
The  illustration  of  the  actual  appearance  of  the  key 
(Fig.  97)  will  readily  enable  its  various  parts  to  be  related 
with  the  theoretical  diagram  previously  given.  The 
skeleton  connections  in  each  position  of  the  key  are  shown 
in  Fig.  96. 
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Connections  of  Double  Current  Sounder. 

The  galvanometer  employed  is  of  the  single  current 
pattern  previously  described  (page  KJU). 

The  connections  of  a  double  current  set  are  shown  in 
Fig.  98.  Z  and  C  are  connected  to  the  battery,  the  front 
right-hand  terminal  of  the  key  is  connected  to  the  left  of 
the  galvanometer  whose  right  terminal  forms  the  down- 
line terminal  of  the  set.      The  left  side  of  the  key  is  con- 
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Via,  98.— Double  curreiit  sounder  connections. 


nected  to  l7-circle  of  the  relay  which  forms  the  up-lino 
terminal  of  the  set.  The  centre  terminal  of  the  key  is 
connected  to  D  of  the  relay.  It  may  he  noted  that  the 
connections  of  the  single  current  sounder  are  similar  in 
several  respects  to  those  now  under  consideration.  The 
front  right  teiminal  corresponds  to  the  middle  point  of  the 
single  current  key  and  the  centre  to  the  backstop.  The 
up  and  down  line  terminals  of  the  set  are  also  the  same. 

When  the  key  is  depressed  the  direction  of  the  current 
is  the  same  as  in  the  single  current  set  and,  with  the 
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exception  of  the  difference  in  the  keys,  its  path  also  is 
identical. 

The  comiection  of  the  set  to  line  and  earth  or  between 
up  and  down  lines  at  a  terminal  office  is  the  same  as  that 
of  the  other  instruments  previously  considered. 

Path  of  Current. 

The  path  of  the  current  with  the  switch  to  "  send  "  but 
key  at  rest  at  the  up-station  is  as  follows.  From  the  positive 
pole  of  the  battery,  to  0,  to  the  left  terminal  of  the  key, 
to  I7-circle,  to  earth,  through  the  down  galvanometer  from 
right  to  left,  to  the  right  side  of  the  key,  to  the  centre  of 
the  key,  to  D  of  relay,  through  the  relay  in  the  direction 
D  to  &,  to  line,  through  the  up  galvanometer  from  right 
to  left,  to  the  front  tenninal  of  the  key,  to  Z  and  thence 
back  to  the  negative  pole  of  the  battery.  The  tongue 
of  the  relay  at  the  down  station  is  tlierefore  held  over  to 
S.  Upon  depressing  the  key  the  deflections  are  reversed 
and  the  tongue  moves  over  to  A/,  thus  completing  the 
local  circuit  and  registering  a  mark  at  the  down  station. 

The  correctness  of  the  apparatus  connections  may  be 
verified  by  joining  the  centre  of  the  key  and  the  wire 
upon  it  to  the  down  line  tenninal  and  working  the  key, 
when  the  signals  sent  upon  it  should  be  correctly  received. 
It  should  however  be  noted  that  the  connection  made  by 
the  switch  from  the  right  side  of  the  key  to  the  centre  is 
not  included  in  the  test. 

Use  of  Double  Current  Sf:t  for  Single  Current 
Working. 

It  is  occasionally  required  to  temporarily  convert  a 
double  current  into  a  single  current  set.  This  may  be  done 
as  follows.  Take  the  wdre  from  the  front  left  tenninal 
of  the  key  and  join  it  to  the  Z  wire,  leaving  both  terminals 
free.  Z  and  the  centre  terminal  should  be  connected  by 
a  short  length  of  wire  and  the  switch  of  the  key  placed 
at  send.  Z  and  the  centre  terminal  now  correspond  to 
the  backstop  of  the  single  current  key. 

Faults. 
The    position   of    an   apparatus    fault   may   readily   be 
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deduced  in  the  manner  already  described  in  the  case  of 
the  instrument  sets  previously  considered.  Faults  in  the 
key  are  comparatively  rare  since  all  the  permanent  con- 
nections are  made  by  means  of  brass  straps  beneath  the 
base.  One  of  the  contacts  between  the  divided  lever  and 
the  springs  occasionally  becomes  dirty  or  bent  and  the 
result  is  that  the  key  sends  out  only  one  current.  Faults 
in  the  switch  are  very  rare,  but  their  existence  should 
readily  be  deduced. 

If,  after  having  called  for  some  time,  it  is  noticed  (from 
the  galvanometer)  that  the  distant  station  is  endeavouring 
to  stop  the  call,  the  fault  will  lie  in  the  caller's  receiving 
circuit.  If,  upon  applying  the  test  explained  above  it  is 
found  that  the  relay  is  unaifected  by  the  caller's  key,  the 
fault  is  in  the  key  switch.  It  should  perhaps  be  mentioned 
that  the  connecting  vnres  occasionally  get  broken  inside 
their  gutta-percha  covering  with  the  result  that  inter- 
mittent faults  are  produced. 

Battery  Powkr  and  Current  Required. 

Large  Daniell  cells  (instead  of  Small)  are  now  employed 
for  the  line  battery,  and  a  sufficient  number  of  cells  to 
furnish  a  current  of  from  14  to  17  m.a.  being  required,  and 
the  local  battery  is  now  either  a  3-cell  Large  Daniell  or  a 
2-cell  Bichromate.  It  is  obvious  that  a  local  inker  may  be 
substituted  for  or  added  to  the  sounder  in  the  manner 
previously  described. 

It  should  perhaps  be  added  that  the  only  case  in  which 
the  coils  of  the  relay  should  be  joined  in  ])arallel  is  when 
there  are  several  stations  upon  a  very  short  line — the 
deciding  factor  being  economy  of  battery  jDower. 


CHAPTER  VII 

THE  DIFFERENTIAL  DUPLEX, 

The  Single  Current  Duplex. 
Systems    of   Duplex  Working. 

DUPLEX  working  consists  in  the  simultaneous  trans- 
mission of  two  messages  in  opposite  directions  over 
a  single  wire  connecting  the  two  stations.  Although  there 
are  several  methods  of  doing  this,  three  only  are  employed 
in  practice.  Of  these  the  Bridge  method  forms  the  theme 
of   Chapter  X,  since   it   is  most  frequently  employed    in 
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Fig.  99.— Signals. 

conjunction  with  Wheatstone  working.  The  central  battery 
duplex  devised  for  use  in  conjunction  with  the  Metropolitan 
telegraph  switching  scheme  is  dealt  with  in  Chapter  XIII. 
The  third  method  (differential  duplex)  is  the  one  most 
largely  employed,  and  it  is  worked  upon  either  the  single 
or  the  double  current  system.  In  the  former  system  the 
working  may  be  arranged  in  two  different  ways  which  may 
be  distinguished  as  "opposition"  and  "combination" 
methods  respectively.  The  latter  is  employed  by  the 
Post  Office,  but  a  consideration  of  the  former  also  is 
desirable. 

In  order  to  clearly  realize  the  underlying  principles  in 
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duplex  working  it  will  be  well  to  ascertain  why  the  ordinary 
single  current  sounder  will  only  permit  simplex  working. 
Consider  two  stations  ..'I  and  B  sending  the  signals 
depicted  in  Fig.  99.  These  signals  and  spaces  are 
divided  into  fifteen  parts  hy  the  vertical  lines  so  as  to 
show  the  cases  in  which  two  marks  are  simultaneously  sent 
out.  In  the  first  space  both  keys  are  at  rest,  whilst  in 
the  second  A  depresses  the  key  and  so  produces  a  dot  at 
7i.  As  this  key  rises  B  depresses  his  key  and  the  result 
is  a  mark  at  A,  Whilst  this  mark  is  proceeding,  A 
depresses  his  key  (4)  so  cutting  out  his  sounder  and  stop- 
ping the  mark  which  he  should  be  receiving,  il's  sounder 
also  is  cut  out  by  'the  depression  of  his  key  and  there- 
fore no  marks  are  recorded  at  either  end  when  both  keys 
are  down.  When  only  one  key  is  down  at  a  time  the 
signals  are  of  course  transmitted  without  difficulty,  but 
when  both  keys  happen  to  be  simultaneously  depressed 
(4,  5  and  13)  confusion  at  once  results. 

In  the  oi)p()sition  method  of  duplex  working,  when  only 
one  key  is  depressed,  the  marks  are  made  by  the  current 
which  is  received  from  the  distant  station,  just  as  in  ordinary 
simjDlex  working.  When,  however,  both  keys  are  simul- 
taneously depressed,  a  sj)ecial  condition  is  established 
which  causes  both  sounders  to  register  a  mark. 

Opposition  Method. 

The  general  jDrinciple  of  the  opposition  method  consists 
in  splitting  the  current  sent  out  by  the  key  into  two 
exactly  equal  parts  which  respectively  pass  through  the 
two  coils  of  the  sending  station's  relay.  The  two  currents 
are  of  precisely  equal  strength  and  pass  through  the  two 
coils  of  the  relay  in  opposite  directions,  so  producing  no 
effect  upon  the  sending  station's  relay.  One-half  of  the 
current  passes  to  line  and  through  the  receiving  relay, 
thus  effecting  a  mark.  When  both  keys  are  depressed, 
the  two  batteries  have  their  similar  poles  to  line.  This 
stojw  tlie  lino  current,  ])ut  leaves  the  current  flowing  in  the 
otiier  coil  of  the  relay  fr(»e  to  produce  a  mark.  When  one 
key  ouly  is  depressed  the  mark  is  made  l)y  the  current 
received  from  the  sending  station,  but  when  both  keys 
are  down  each  relay  marks  with  the  current  from  its  own 
battery,  due  to  the  stoppage  of  the  line  currents. 
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The  skeleton  connections  of  such  a  circuit,  worked  with 
standard  relays,  are  depicted  in  Fig.  100,  but  it  should 
be  noted  that  the  local  circuit  has  been  omitted  in  order  to 
simplify  the  diagram.  The  single  current  key  when  at 
rest  earths  the  split  of  the  relay,  and  when  depressed  joinp 
up  the  earthed  battery.  One  coil  of  the  relay  is  connected 
to  line  and  the  other  to  a  resistance  equal  in  value  to  the 
resistance  of  the  line  and  the  distant  apparatus.  This 
resistance  is  adjusted  until  the  current  sent  out  divides 
equally  between  the  plain  and  circle  coils  of  the  rela}^. 
The  arrangements  at  each  end  are  identical  in  every 
particular. 


'E  E 

Fig.  100.— Opposition  method  of  duplex  working. 


Opposition  Method,  Path  of  Cliurent. 

The  paths  of  the  current  may  best  be  considered  by 
tracing  the  conditions  which  result  when  A  and  B  send 
the  signals  shown  in  Fig.  1)9. 

Conditimi  1. — Both  keys  at  rest.  Tongue  held  to  S  by 
magnetic  spacing  bias  given  to  the  relays.  No  currents 
flowing. 

Condition  2. — ^^i's  key  depressed.  Current  flows  from 
the  positive  pole  of  A's  battery  to  the  split  of  the  relay. 
Line  half  of  the  current  passes  through  the  Z>)-circle  LT^-circle 
coil  of  A'r  relay,  along  the  lino,  through  the  line  coil  of  Ti's 
relay  from  [/-circle  to  /^-circle  (thus  producing  a  mark),  to 
the  centre  of  Ti's  key,  to  €\arth,  and  thus  back  to  A'h  battery. 
The  other  half  of  A's  current  passes  through  the  i)lain  coil 
of  the  relay  in  the  direction  U  to  D,  rheostat  E,  and  so  back 
to  the  negative  pole  of  the  battery.     This  circuit  is  termed 
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the  **  compensatioii "  circuit  in  contradistinction  to  the 
"  line "  circuit.  Since  the  currents  in  the  line  and  com- 
pensation circuits  are  equal  but  in  opposite  directions 
the  relay  is  not  magnetized  and  no  e£fect  is  produced 
at  A.  jB's  relay  however  marks  by  the  current  received 
from  A. 

Condition  e3. — B's  key  only  is  depressed.  The  current 
from  B's  battery  divides  equally  between  the  line  and  com- 
pensation circuits,  and  as  the  two  halves  pass  in  opposite 
directions  through  the  two  coils  of  his  relay  no  effect  is 
produced  upon  it.  A's  relay  marks  with  the  half  of  the 
current  which  is  received  from  B. 

Condition  4. — Both  keys  simultaneously  depressed.  Both 
batteries  have  their  negative  poles  to  earth  and  their  posi- 
tives to  line.  Since  they  are  of  approximately  equal  E.M.F. 
no  current  can  flow  along  the  line  or  line  coils  of  the  relays. 
The^only  path  left  open  to  the  current  is,  at  -4.,  from  the 
positive  pole  of  the  battery,  through  his  own  relay  from 
U  to  D  through  the  rheostat  back  to  the  negative  pole  of 
his  own  battery.  Since  there  is  no  opposing  effect  from 
the  circle  coil  a  mark  is  made  at  A  by  his  own  battery. 
Similarly  B's  relay  marks  by  the  current  from  his  own 
battery  through  U  D  coil  of  his  relay.  Both  relays 
therefore  mark. 

Condition  5. — Same  as  condition  4. 

Condition  6. — B's  key  released,  A's  still  down.  When 
B  releases  his  key,  B*s  battery  is  cut  out  and  A's  line 
current  is  therefore  unopposed.  The  moment  this  is  re- 
established A's  compensation  effect  is  balanced  and  his 
relay  spaces  thus  ending  the  mark  at  A.  At  B  the  mark 
is  continued  by  the  current  received  from  A.  The  state  of 
affairs  is  identical  with  that  of  condition  2. 

Conditions  7,  10,  15. — Same  as  condition  1. 

Conditions  8,  12,  14. — Same  as  condition  2. 

Condition  9. — Same  as  condition  3. 

Comlition  13. — Same  as  conditions  4  and  5. 

Intermediate  Positions  of  Keys. 

There  still  remains,  however,  one  other  point  which  must 
be  considered.  Take,  for  instance,  conditions  3  and  4.  It 
will  be  seen  that,  at  the  beginning  of  4,  B's  key  is  already 
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down  whilst  A's  key  is  being  depressed,  and  that  there  is 
therefore  an  instant  of  time  in  which  A's  key  is  touching 
neither  the  front  nor  the  back  stop  of  his  key.  In  this 
case  the  line  current  sent  out  by  B  passes  along  the  line, 
through  both  coils  of  A's  relay  in  series,  and  through  the 
rheostat  to  earth.  The  received  current  is  therefore  only 
half  as  great,  because  it  has  encountered  twice  the  resist- 
ance. Since,  however,  it  has  passed  through  both  coils  of 
A's  relay  the  strength  of  the  mark  is  unaffected.  At  B  the 
line  and  compensation  currents  do  not  balance  as  they  are 
of  unequal  strength.  The  compensation  current  therefore 
tends  to  space  until  A's  key  touches  the  front  stop. 


Use  of  Non-polarized  Relays  and  Direct  Working. 

In  the  exposition  of  this  method  standard  relays  have 
been  depicted,  but  a  little  consideration  will  show  tliat 
non-ix)larized  relays  or  even  a  differentially  woimd  sounder 
or  inker  for  direct  working  might  equally  well  have  been 
employed. 

Differential  Galvanometer. 

Before  the  combin- 
ation or  P.O.  differ- 
ential duplex  is  con- 
sidered it  will  be 
advisable  to  describe 
the  differential  gal- 
vanometer, Fig.  101, 
employed  in  conjunc- 
tion therewith.  The 
two  coils  have  each  a 
resistance  of  50*  and 
each  is  shunted  by  a 
300**  resistance  coil, 
the  purpose  of  which 
(to  reduce  the  self-in- 
ductance) is  consid- 
ered in  C^hapter  IX 

(Wheatstone).  The  Fia.lOl.-Difllreulial  galvanometer. 

effect  of  the  shunt  is 

to  reduce  the  combined  resistance  of  each  coil  to  420*'.    The 
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magnetic  needle  is  induced,  and  is  either  of  the  Varley  or 
Spagnoletti  type,  and  differs  but  little  from  the  single 
needle  dials  previously  described  (page  177).  In  the  older 
or  Varley  form  the  two-bar  magnets  were  placed  upon  the 
lower  sides  of  the  coils  instead  of  above  them  in  order  to 
economize  the  size  of  the  case. 

Upon  each  side  of  zero  the  scale  is  divided  into  degrees, 
and  up  to  30°  the  current  is  approximately  proportional  to 
the  deflections  produced.  Using  one  coil  only,  or  both  in 
parallel,  the  value  of  one  degree  is  -y  m.a.,  which  gives 
20°  =  8  m.a.  and  30°  =  12  m.a.  Beyond  this  point  the 
current  required  to  produce  a  given  deflection  is  much 
larger  than  §  n^-a.  per  degree.  For  instance,  50°  corre- 
sponds to  25  m.a.  and  60°  to  40  m.a.  When  the  deflections 
are  produced  by  the  coils  in  series  the  currents  are,  of 
course,  one-half  the  values  given  above. 

The  specified  figure  of  merit  of  the  instrument  is  20 
m.a.,  with  which  current,  flowing  through  both  coils  in 
series  a  deflection  of  from  40°  to  45°  should  be  obtained. 

P.O.  OR  Combination  Method  of  Duplex  Working. 

In  the  opposition  method  of  duplex  working  the  com- 
pensation circuit  tended  to  space  and  the  line  circuit  to 
mark.  When  the  line  i^ath  was  stopped  by  the  two  bat- 
teries opi>08iiig  each  other  the  compensation  circuits 
marked.  The  P.O.  or  combination  method  differs  from 
this  in  the  fact  that  when  both  keys  are  depressed  the  two 
batteries  combine  together  in  the  line  circuit.  There  is 
therefore  twice  as  large  a  current  in  the  line  circuit  as  in 
the  compensation  circuit.  The  line  coil  of  the  relay  tends 
to  mark,  and  the  signal  is  produced  by  the  preponderance 
of  the  line  current's  effect  over  that  of  the  compensation 
cin;uit  at  either  end. 

The  internal  apparatus  connections  are  identical  at  the 
two  ends  of  the  circuit  and  the  combination  of  the  batteries 
is  effect (mI  1)}'  ro versing  line  and  earth.  In  fact,  just  as  in 
the  case  of  every  form  of  apparatus  described,  there  is  an 
lip  and  a  down  line  tenninal  wliose  connections  to  line  and 
earth  are  determined  by  wlietlier  the  olHce  is  an  "u])"  or 
'*  down  "  station. 

The  single  current  key  is  connected  between  the  strapped 
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terminals  of  the  relay  and  the  lower  terminals  of  the  galva- 
nometer (Fig.  102).  The  small  resistance  coil  r  is  equal  in 
value  to  the  internal  resistance  of  the  battery,  and  the 
resistance  of  the  circuit  is  therefore  the  same  in  either 
position  of  the  key.  The  method  of  joining  up  the  key 
between  the  galvanometer  and  relay  is  often  termed  the 
"double  split,*'  a  most  unfortunate  designation  and 
one  which  frequently  produces  confusion  in  the  minds  of 
students.  If  a  current  divides  between  two  paths  it  is  evident 
that  the  two  parts  must  re-unite  at  some  point.  In  this 
case  the  current  splits  at  the  lower  terminals  of  the  galva- 
nometer and   re-unites  at  the  strapped  terminals  of  the 


DOWN  UP 

Fio.  10?.— Sktleton  connections  of  single-current  dnplox. 

relay.  The  original  object  of  the  arrangement  was  to 
simplify  the  type  of  single  and  duplex  switch.  The 
rheostat  contains  resistance  equal  to  that  of  the  line  and 
distant  receiving  apparatus,  the  latter  comprising  the  right 
coil  of  the  galvanometer,  resistance  block  ?•,*  and  the  circle 
coil  of  the  relav. 


Path  of  Current. 

After  the  detailed  description  of  the  conditions  of  duplex 
working  given  in  the  case  of  the  opposition  method  it  will, 
in  the  present  instance,  be  unnecessary  to  do  more  than 

*  To  be  strictly  accurate,  account  must  be  taken  of  the  fact  tliat  '*r" 
is  shunted  by  the  compensation  circuit,  and  that  the  combined  resistance 
of  both  is  slightly  less  than  "r".  For  all  practical  purposes  this  may 
however  be  ignored. 
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indicate  the  path  of  the  current  in  each  position  of  the 
keys. 

When  the  down  station  depresses  his  key  the  current 
flows  from  the  positive  pole  of  the  battery  to  the  galva- 
nometer w^here  it  divides  equally,  the  line  half  going  to 
earth,  in  at  the  up  station's  earth,  through  his  relay  [/-circle 
to  D-circle  (producing  a  mark),  through  r,  back-stop  of  the 
key,  through  the  right  or  line  coil  of  the  galvanometer, 
along  the  line,  through  the  [/-circle  D-circle  coil  of  the 
down  relay  {tending  to  mark)  back  to  the  negative  pole  of 
the  battery.  The  other  half  of  the  down  station's  current 
passes  through  the  left  or  compensation  coil  of  the  galva- 
nometer, through  the  rheostat  and  D  [/  coil  of  the  relay 
(tending  to  space)  back  to  the  negative  pole  of  the  battery. 
At  the  down  station,  no  effect  is  produced  upon  the  appa- 
ratus because  the  line  and  compensation  currents  are 
equal  in  value  but  opposed  in  effect.  The  mark  and 
galvanometer  deflection  at  the  up  station  are  due  to  the 
current  received  from  the  down  station.  At  the  down 
station  the  current  splits  at  the  galvanometer  and  the  two 
parts  re-unite  at  the  strapped  terminals  of  the  relay.  It 
should  also  be  noted  that  although  the  current  passes 
directly  to  earth  at  the  down  station,  it  has  to  traverse  the 
resistance  of  the  line  and  distant  receiving  apparatus  before 
it  can  return  to  the  down  battery. 

Upon  depressioji  of  the  up  station's  key,  his  current 
splits  equally  between  the  line  and  compensation  circuits, 
and  therefore  produces  no  effect  upon  his  own  apparatus. 
The  line  half  of  the  current  passes  .along  the  line  to  the 
down  station,  through  the  [/-circle  D-circle  coil  of  the 
relay  (producing  a  mark),  1%  and  line  coil  of  the  galva- 
nometer to  earth  and  thence  back  to  the  battery.  As  before, 
the  mark  is  made  by  the  current  received,  as  in  simplex 
working. 

When  both  keys  are  depressed  the  batteries  combine 
together  in  the  line  circuit,  thus  producing  a  current  of 
twice  the  strength  of  that  in  each  compensation  circuit. 
The  path  of  the  line  current  is  from  the  positive  pole  of  the 
down  station's  battery  through  the  line  coil  of  the  galva- 
nometer, to  earth,  through  the  up  station's  [/-circle  D-circle 
coil  of  the  relay,  through  the  up  station's  battery  (acting  in 
the  same  direction),  through  the  line  coil  of  the  galva- 
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nometer,  along  the  line,  through  the  down  station's  t7-circle 
D-circle  coil  of  the  relay  back  to  the  negative  pole  of  the 
battery.  The  direction  of  this  current  is  from  U  to  D  in 
both  relays  and  a  mark  is  produced  upon  both.  The 
path  of  the  current  in  each  compensation  circuit  is  the 
same  as  before,  but  the  current  is  in  each  case  due  to  its 
own  battery  only  and  is  therefore  of  the  same  strength. 
The  line  current,  being  due  to  the  two  batteries  acting  in 
series,  is  of  twice  the  value,  and  the  resultant  effect  is 
therefore  equivalent  to  the  current  received  when  only  one 
key  is  depressed. 

Numerical  Values  of  Current  in  each  part  of  the 
Circuit. 

The  case  will  perhaps  best  be  illustrated  by  a  numerical 
example.  In  order  to  simplify  the  calculation  the  internal 
resistance  of  the  battery  and  r  will  be  taken  as  negligible. 
Let  the  resistance  of  each  coil  of  the  galvanometer  be  taken 
as  43**,  that  of  the  line  as  264",  and  each  coil  of  the  relay 
as  200«— 

Resistance  in  each  rheostat  =  264  +  43  +  200  =  507". 
Total  resistance  of  line  circuit  =  200  +  264  +  43  +  200 

+  43  =  750". 
Total  resistance  of  each  compensation  circuit  =  750". 
Let  the  E.M.F.  of  each  batterj-  =  7  5. 
Current  in  line  circuit  (both  keys  _  7'5  +  7'5  _  o^ 

depressed)       :. . W)  '" '   "'•^• 

75 
Current  in  compensation  circuits  —  ^ --  =  10  m.a. 

750 

Current  in  line  circuit  (one  key  _  7*5  _  in 

depressed)       -  750  -  ^^^  "^a- 

The  received  current  when  one  key  only  is  depressed  is 
10  m.a.,  and  this  passes  through  one  coil  of  the  receiving 
relay.  When  both  keys  are  down  the  line  coils  of  the 
relays  carry  20  m.a.  and  the  compensation  circuits  10  m.a. 
The  net  effect  upon  the  tongue  of  either  relay  is  precisely 
the  same  as  that  produced  when  the  distant  station's  key 
only  is  depressed. 
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Intermediate  Positions  of  Keys. 

The  last  condition  which  remains  to  be  considered  is  the 
path  of  the  current  wlien  one  key  is  depressed  and  tlie 
other  momentarily  occupies  a  mid-way  position.  In  this 
case  the  path  of  the  current  at  the  receiving  end  is  through 
l)oth  coils  of  the  galvanometer,  through  the  rheostat  and 
Loth  coils  of  the  relay.     Taking   tlie   ahove  figures,   the 


Fio.  103.— Alterations  to  sfnKlc-pnrreiit  duplex  connections  required  for  simplex 
working.  The  scored  connectiong  arc  rocjuirfKl  for  du]ilcx  and  the  dotted  con- 
nections for  ainiplex  working.  •'  Top"  and  '•  bottoir  "  refer  to  arrangement  of  the 
duplex  switch. 


value  of  the  current  is  5  m.a.,  but  as  this  passes  through 
both  coils  of  the  relay  its  effect  is  the  same  as  10  m.a.  upon 
one  coil.  At  the  sending  end  the  current  in  the  compensa- 
tion circuit  is  as  before  10  m.a.  upon  one  coil  tending  to 
si)ace,  opposed  by  5  m.a.  upon  one  coil  tending  to  mark. 
It  will  be  therefore  noticed  that,  whilst  the  combination 
methocl  tends  to  end  the  mark  instantly  contact  is  broken 
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with  the  front  stop  of  the  key,  the  opposition  method  tends 
to  prolong  it  until  contact  is  made  with  the  back-stop. 


Skeleton  Connections  Required  for  Simple  Duplex. 

The  connections  depicted  in  Fig.  102  are  the  actual  con- 
nections which  are  formed  when  the  duplex  and  single 
switch  is  turned  to  the  duplex  position.  It  is,  however,  de- 
sirable to  be  able  to  revert  to  simplex  working  at  will  since 
it  occasionally  happens  that  line  faults  which  will  prohibit 
duplex  will  not  stop  simplex  working.  In  order  to  convert 
the  connections  of  Fig.  102  into  those  of  the  single  current 
sounder  (Fig.  89)  the  negative  pole  of  the  battery  must  be 
disconnected  from  the  relay  split 
and  joined  to  [7-circle.  D  of  the 
relay  must  be  taken  off  the  rheostat 
and  joined  to  the  backstop  of  the 
key.  These  alterations  are  shown 
in  Fig.  103,  and  it  will  be  seen  that 
they  can  readily  be  made  by  means 
of  two  two-way  switches.  The  re- 
sistance coil  r  remains  in  circuit, 
and  unfortunately  acts  as  a  shunt 
on  the  U  D  coil  of  the  relay.  Its 
effect  is  not  of  a  very  serious 
character,  and  it  is  only  quite 
recently  that,  for  universal  working 
(Chapter  XVI),  a  special  and  more  complicated  switch  has 
been  designed  to  disconnect  it  during  simplex  working. 


Fi«.  104.— Duplox-switch  ar- 
raugement  or  springs  and 
contact  pieces. 


Duplex  Switch. 

The  duplex  switch  (officially  termed  a  6-terminal 
2-po8ition  switch)  is  essentially  two  two-way  switches  con- 
troUed  by  one  lever.  The  six  terminals  are  equally  spaced 
round  the  wooden  base  of  the  instrument  beneath  which 
they  are  respectively  joined  to  six  brass  springs.  The 
springs  rest  upon  a  round  piece  of  ebonite  carrying  two 
insulated  segments  of  brass.  In  the  position  shown  (Fig. 
104),  the  bottom  terminal  and  its  left-hand  neighbour  are 
connected,  whilst  the  top  terminal  and  that  to  the  right  are 
also  connected.    When  the  handle  is  moved  to  the  right,  or 
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simplex,  position  the  central  portion  moves  with  it,  so  con- 
necting the  springs  then  lying  upon  the  two  brass  segments. 
The  terminals  between  wdiich  the  handle  lies  are  connected, 
as  well  as  those  oj^posite  {vide  Figs.  105  and  106). 


RELAY  D 


BACKSTOP 


RHEO 


RELAY  Q 


Fio.  105.— Dujilex  switch  coniiectioub  wbeii  tlie 
lever  ia  turned  to  "  duplex." 


Fu;.  10(J.— Duplex  switch  con- 
nections when  the  lever  is 
turned  to  ''single." 


In  a  later  fonn  of  switch  the  terminals  are  connected  to 
six  segmental  pieces  of  brass  arranged  round  the  uiider- 


Fi(».  107.— Comiections  of  single-current  duplex." 

side  of  the  switch  and  two  insulated  U-shaped  pieces  of 
brass,  both  mechanically  connected  to  the  switch  lever, 
form  the  connections.  The  result  is  the  same  as  in  the 
older  switch,  but  the  arrangement  is  considerably  simpler 
and  cheaper. 
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Connections  of  Duplex  Switch. 

The  coiiiiectioiis  made  and  broken  by  the  duplex  switch 
are  clearly  indicated  by  Fig.  105,  and  can  be  compared 
with  Fig.  103.  The  full  connections  of  the  set  are  shown 
in  Fig.  107. 

Balancing. 

If  the  home  key  only  is  depressed  the  tendency  of  the 
current  in  the  line  circuit  is  to  mark  and  that  in  the  com- 
pensation circuit  to  space.  The  direction  in  which  the 
galvanometer  needle  deflects  therefore  indicates  which  of 
the  circuits  is  carrying  the  larger  current,  and,  conse- 
quently, whether  the  resistance  in  the  rheostat  is  too  high 
or  too  low.  The  principle  to  be  adopted  is  to  balance  as 
nearly  as  possible  with  the  400**  arm  and  then,  leaving  this 
arm  at  the  lower  value,  to  similarly  deal  w^th  the  40",  and, 
if  necessary,  use  the  10**  and  20**  coils  to  obtain  the  accurate 
balance.  The  matter  is,  however,  more  fully  dealt  with  in 
connection  with  the  double-current  duplex  (see  p.  2{j2). 

Faults. 

A  disconnection  in  the  comx^ensation  circuit  or  an  earth 
fault  appearing  upon  the  line  causes  the  sender's  signals 
to  be  registered  at  the  sending  end.  A  disconnection  of 
the  line  circuit  causes  the  sender's  galvanometer  to  move 
in  resx>onse  to  his  key,  but  the  marks  are  not  received  upon 
his  sounder. 

Faults  in  the  apparatus  are  located  by  observing  the 
conditions  under  which  marks  are,  and  are  not,  sent  and 
received.  It  should  be  remembered  that  /•  shunts  the  U  I) 
coil  of  the  relay  at  simplex,  and  that  inability  to  work 
duplex  w^hilst  simplex  working  was  possible  could  in  this 
case  be  due  to  disconnection  of  the  JJ  1)  coil  of  the  relay. 
The  tracing  of  all  the  other  faults  is  very  similar  to  the 
methods  needed  in  the  double  current  duplex,  and  no 
further  consideration  will  be  given  to  the  subject  in  this 
chapter. 

Useful  Facts. 
The  full  connections  wiU  be  readily  memorized  by  the 
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aid  of   Fig.  103,  but  the  following  points  will  doubtless 
assist : — 

1.  Right  side  of  galvanometer  is  the  down-line  terminal 
of  the  set. 

2.  (/-circle  of  the  relay  is  the  up-line  terminal  of  the  set. 

3.  Positive  pole  of  the  battery  is  connected  to  the  front 
stop  of  the  key. 

4.  Line  coil  of  the  relay  tends  to  mark  and  compensa- 
tion to  space. 

5.  Up  station  puts  positive  to  line  to  mark. 

The  last  two  statements  are  chiefly  valuable  in  checking 
the  correctness  of  connections. 

Direct  Writer  Duplex. 

.  The  direct  writer  is  occasionally  duplexed  by  winding 
the  electro-magnet  differentially,  and  by  adding  the  re- 
quisite auxiliary  apparatus.  The  current  required  is  from 
10  to  20  m.a.,  the  coils  being  wound  to  a  resistance  of 
200"  each.  As  the  instrument  is  directly  worked  no  local 
batteries  are  needed.  There  are  very  few  of  these  instru- 
ments in  use,  and  detailed  description  is  not  justified. 

Difficulty  in  Working  Very  Short  Circuits. 

It  is  not  possible  to  work  a  duplex  circuit  through  a  line 
of  very  low  resistance  without  special  arrangements.  For 
instance,  it  is  impossible  for  satisfactory  working  to  be 
obtained  between  two  sets  in  the  same  office  or  over  a 
circuit  which  is  only  one  or  two  miles  in  length.  The 
reason  is  that,  in  tiie  ordinary  arrangement,  no  account  is 
taken  of  the  self-inductance  of  the  distant  receiving  ap- 
paratus. In  the  compensation  circuit  there  is  one  coil  of 
the  relay,  one  of  the  galvanometer  and  a  resistance  equal 
to  that  of  the  line  and  one  coil  of  the  relay  and  one  of  the 
galvanometer  at  the  distant  end.  In  the  line  circuit  there 
are,  therefore,  one  coil  of  the  home  galvanometer,  one  of  the 
home  relay,  the  line  itself,  and  one  coil  each  of  the  distant 
relay  and  galvanometer.  Whilst  the  compensation  is  equal 
in  resistance  to  that  of  the  line  circuit,  the  self-inductance  of 
the  line  circuit  exceeds  that  of  the  compensation  circuit  by 
an  amount  equal  to   the  self-inductance  of  one  coil  each 
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of  the  galvanometer  and  relay.  In  the  majority  of  cases 
this  lack  of  balance  has  no  practical  effect,  but  upon  veiy 
short  circuits  it  renders  duplex  working  quit^  impossible 
owing  to  the  false  signals  produced  by  working  the  key. 
In  fact,  the  effect  is  similar  but  opposite  in  direction  to 
the  "kicks"  due  to  unequal  capacity  in  the  line  and  com- 
pensation circuits  dealt  with  in  a  su])sequent  section  of  the 
present  chapter. 

One  solution  of  the  difficulty  is  to  artificially  increase  the 
resistance  of  the  circuit  to  such  a  value  that  the  E.M.F.  of 
self-induction  produces  a  current  of  negligible  dimensions. 
This  may  entail  the  use  of  extra  battery  power,  and  the 
better  plan  is  therefore  to  include  in  the  compensation 
circuit  a  coil  having  a  self-inductance  equal  to  that  of  one 
coil  of  the  relay  and  the  coil  of  the  galvanometer. 

These  remarks  apply  equally  to  double  current  duplex 
and  to  quadruplex  working.  In  the  latter  system  a 
special  coil  has  been  designed  to  meet  the  difficulty  (see 
Chapter  XVI). 

B\TTERY  Power  and  Clrrent  REQriRED. 

The  line  battery  is  of  the  Large  Daniell  form  and  a 
current  of  from  15  m.a.  to  20  m.a.  is  required.  The  local 
battery  is  either  a  3-cell  Large  Daniell  or  a  2-cell 
Bichromate. 

Although  single  current  duplex  working  may  be  em- 
ployed upon  any  circuit  under  25  miles  in  length,  there 
are  very  many  circuits  of  far  shorter  length  which  are 
worked  double  current. 


THE  DOUBLE  CURRENT  SOUNDER   DUPLEX. 

The  advantages  which  have  been  claimed  for  the  double 
current  system  in  conjunction  with  simplex  (page  222), 
apply  with  even  greater  force  to  duplex,  working.  In  fact, 
the  number  of  single  current  duplex  circuits  in  use  at  the 
present  time  is  comparatively  small,  although  there  arc 
very  many  cases  where  single  current  working  could  be 
quite  satisfactorily  employed. 
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Conditions  for  Douhle  Currrnt  Duplkx  Working. 

Ill  the  double  current  duplex  a  sjmeiug  current  takes  the 
place  and  perforins  the  functions  of  the  magnetic  bias 
employed  in  single  current  working.  Consideration  Avill 
show  that  the  following  conditions  must  obtain : — 

1.  When  both  keys  are  at  rest  (switches  to  "send")  the 
tongues  of  both  relays  must  be  held  over  to  the  spacing 
side. 

2.  When  both  keys  are  depressed  (switches  to  "  send  ") 
the  tongues  of  both  relays  must  be  held  over  to  the 
marking  side. 

3.  When  one  key  is  at  rest  and  the  other  depressed 
(switches  to  "  send  ")  the  relay  at  the  end  where  the  key  is 
depressed  must  space,  and  the  other  relay  must  mark. 

Skeleton  Connections. 

When  both  keys  are  depressed  the  skeleton  connections 
and  values  of  the  currents  in  each  portion  of  the  apparatus 
are  identical  with  those  of  the  single  current  system  when 
the  keys  at  both  ends  are  down. 

The  general  connectious  for  double  current  duplex 
working  differ  from  those  of  tlie  single  current  duplex 
merely  in  the  substitution  (between  the  strapped  terminals 
of  the  relay  and  galvanometer)  of  a  double  current  for  a 
fHiigle  current  key.  The  rheostat  is  joined  between  the 
left  side  of  the  galvanometer  and  7)  of  the  relay,  and  con- 
tains resistance  equal  to  that  of  the  line  and  distant 
receiving  apparatus,  [/-circle  of  the  relay  and  the  right- 
hand  terminal  of  the  galvanometer  are  respectively  the  up 
and  down  line  terminals,  and  these  are  connected  to  line  and 
earth  in  accordance  with  the  principles  already  stated. 

When  both  keys  are  at  rest  or  both  are  depressed,  the  two 
stations'  batteries  combine  together  to  produce  an  effect 
upon  both  stations'  relays.  The  compensation  circuits  in 
both  these  cases  carry  a  current  of  half  the  value  of  that 
in  the  line  circuit,  because  the  current  in  the  former  case  is 
])roduced  by  the  two  batteries  in  series,  whilst  in  the  latter 
the  current  is  due  to  each  battery  acting  separately.  The 
effect  upon  the  relay  is  due  to  the  preponderance  of  the 
current  in  the  line  over  those  in  the  compensation  circuits. 
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As  this  principle  hfis  already  received  ample  consideration 
no  further  explanation  should  be  necessar}\  It  should  also 
be  apparent  that  when  ])oth  keys  are  at  rest  the  compensa- 
tion circuit  tends  to  space  and  the  line  circuit  to  mark. 

When  one  key  is  depressed  the  battery  at  that  end  is 
reversed  and  consequently  the  direction  of  the  current  in 
its  compensation  circuit  is  changed.  Instead  of  tending 
to  mark  it' now  tends  to  space  and,  since  the  reversal  of 
the  battery  causes  tlie  two  stations'  batteries  to  oppose 
each  other,  it  is  left  free  to  produce  this  effect.  At  the 
distant  end  the  compensation  circuit  marks. 
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lOS. — Skeleton  connections  of  donble-current  duplex.  Tho  path  of  the  current 
dne  to  lM)th  batteries  is  sliown  by  dotted  lines  and  the  compensation  current  by 
the  niil  lines. 


Both  keys  at  rest  or  both  dejyi^esaed. — The  skeleton  con- 
nections of  a  double  current  duplex  circuit  (both  keys  at 
rest)  are  depicted  in  Fig.  108.  The  path  of  the  line 
current  has  been  shown  by  dotted  lines  and  arrows,  whilst 
the  compensation  circuits  are  shown  by  full  lines.  Tho 
line  current  is  twice  as  great  as  the  compensation  current 
and,  when  both  keys  are  at  rest  (as  shown),  passes  through 
the  circle  coils  of  both  relays  in  the  direction  D  ioU.  If 
the  current  in  each  compensation  circuit  is  10  m.a.  that 
in  the  line  circuit  in  20  m.a.,  whilst  that  in  the  battery 
from  the  galvanometer  split  to  the  relay  split  is  30  m.a.,  in 
each  case.     If  both  keys  are  depressed  the  direction  of  the 
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current  is  everywhere  reversed  and  both  relays  will  there- 
fore mark.  The  strengths  of  the  currents  in  the  various 
parts  of  the  circuit  are,  of  course,  the  sanie  as  in  the 
previous  case. 

One  key  only  depi^eased. — The  conditions  which  result 
when  the  down-station  depresses  the  key  whilst  the  up- 
station  is  at  rest  are  shown  in  Fig.  109.  In  this  case  the 
two  batteries  have  similar  poles  to  line,  and  beirtg  of  equal 
E.M.F.,  there  is  no  current  in  the  line  circuit,  therefore 
the  compensation  circuits  are  left  unopposed.     Tlie  paths 
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Fia.  109.— Skeleton  connections  of  double-current  duplex.  The  path  of  the  current  in 
the  compensation  circuit  is  shown  by  dotted  lines.  The  UiM  lines  indicate  juiths  in 
which  there  is  no  current  flowing. 

and  directions  of  the  currents  have,  in  each  case,  been  indi- 
cated by  dotted  lines  and  arrows.  The  full  lines  in  this 
figure  represent  parts  of  the  circuit  in  which  no  current 
is  flowing. 


EFFECT  OF  CAPACITY  OF  LINE. 

In  order  to  render  duplex  working  practicable,  it  is 
essential  that  the  compensation  circuit  shall  resemble  the 
line  circuit  as  closely  as  possible.  'A  long  or  underground 
telegraph  lino  possesses  considerable  capacity  as  well  as 
resistance,  and  therefore  a  rheostat  alone  is  insufficient  for 
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balancing.  With  short  lines  no  provision  need  be  made 
to  balance  the  capacity  and  a  rheostat  is  therefore  all  that 
is  required  in  the  compensation  circuit. 

It  has  been  stated  that  a  line  has  to  be  charged 
before  any  effect  is  produced  upon  the  distant  apparatus. 
Upon  connecting  an  earthed  battery  to  such  a  circuit  there 
occurs  a  rush  of  current  into  the  circuit  to  satisfy  its 
capacity.  If  such  a  circuit  were  balanced  only  by  a 
rheostat  this  rush  of  current  into  the  circuit  would 
momentarily  upset  the  balance  and  so  produce  a  *'  kick  " 
upon  the  relay.  During  the  time  that  the  wire  is  being 
charged  it  behaves  as  though  it  offered  little  or  no  resist- 
ance to  the  charging  battery.  The  resulting  heavy  rush  of 
current  into  the  line  would  preponderate  over  the  steady 
current  which  would,  almost  instantly,  commence  through 
the  compensation  circuit — upon  releasing  the  key  the  wire 
would  discharge  and  a  momentary  upsetting  of  the  balance 
would  again  result.  It  will  be  quite  obvious  that  these 
irregularities  of  the  sending  current  occurring  in  the 
middle  of  received  marks  would  cause  them  to  split  and 
would  be  quite  sufficient  to  preclude  the  possibility  of 
duplex  working  upon  long  lines.  It  is  therefore  necessary 
to  give  to  the  compensation  circuit  an  amount  of  capacity 
which  will  cause  charges  and  discharges  in  that  circuit 
equal  in  every  respect  to  those  of  the  line.  This  may 
frequently  be  accomplished  by  simply  joining  a  condenser 
of  the  requisite  capacity  across  the  terminals  of  the 
rheostat.  Later,  it  will  be  shown  that  this  simple  arrange- 
ment has  to  be  considerably  modified  in  the  case  of  very 
long  circuits.  It  will,  however,  amply  suffice  for  the  ex- 
planation of  the  paths  and  directions  of  the  line  and  com- 
pensation circuit  charge,  discharge,  and  re-charge,  under 
working  conditions.  Before  proceeding  further  it  will  be 
necessary  to  show  how  the  value  and  distribution  of  the 
charge  upon  a  telegraph  line  may  be  represented. 

Graphic  Representation  of  the  Charge  upon  a  Line. 

The  quantity  of  electricity  or  the  charge  upon  a  dis- 
connected telegraph  circuit  is  equal  to  the  product  of  its 
capacity  and  the  E.M.F.  applied  to  it.  If,  therefore,  the 
capacity  is  numerically  represented   by  the   length  of  a 
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horizontal  line  and  the  E.M.F.  by  the  height  of  a  vertical 
line,  the  quantity  of  the  charge  will  be  represented  by  the 
area  of  the  rectiingle  contained  by  those  lines.  Moreover, 
the  direction  of  the  charge,  positive  or  negative,  may  be 
shown  by  drawing  the  rectangle  respectively  al)ove  or  below 
the  horizontal  line.  If  an  E.M.F.  of  one  volt  is  represented 
by  a  vertical  line  one  inch  long  and  a  farad  by  a  horizon t^il 
line  one  inch  long,  the  area  enclosed  is  one  square  inch,  and 
this  would  represent  one  coulomb.  Any  values  of  E.M.F. 
and  capacity  could  readily  be  plotted,  and  the  enclosed 
area  in  square  inches  would  represent  the  value  of  the 
charge  in  coulombs.  In  the  present  case,  however,  it  is 
only  desired  to  show  the  relative  magnitudes  and  distribu- 


Fio.  110.— Positive  charge  upon  a  disconnected  line. 


tion  of  charges,  and  therefore  50  a'oUs  and  -^  m.f.  will 
respectively  be  represented  by  J  and  .^V  inch.  The  value 
of  the  charge  in  coulombs  will  then  be  equal  to  s^rV^  of 
the  area  enclosed  (in  square  inches).  The  farad  and 
coulomb  are,  of  course,  far  too  large  units  for  practical 
purposes,  and  in  this  instance  each  square  inch  of  area  will 
represent  twenty-five  micro  coulombs. 

The  charge  due  to  an  E.M.F.  of  5(r  applied  to  a  circuit 
of  f)  m.f.  capacity  is  shown  in  Fig.  110.  The  area  of  the 
shaded  portion  represents  the  value  of  the  charge,  and, 
as  it  is  sliown  above  the  line,  the  sign  is  positive.  Since 
the  wire  is  disconnected  the  same  difference  of  potential 
exists  between  line  and  earth  at  both  ends  of  the  circuit. 
It  will  also  be  seen  that  the  charge  was  due  to  a  current 
flowing  from  the  positive  pole  of  the  battery,  through  the 
dielectric,  to  earth,  and  back  to  the  negative  pole  of  the 
batterv.     If  the  battery  be  now  disconnected  and  the  wire 
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earthed,  the  charge  will  flow  out  of  the  wire  to  earth  and 
so  relieve  the  strain  upon  the  dielectric. 

An  E.M.F.  of  5(r  is  shown  applied  in  the  reverse  direc- 
tion to  an  earthed  circuit  of  5  m.f.  capacity  in  Fig.  111. 
In  this  case  the  potential  of  the  positive  pole  of  the  battery 


Fin.  111.— N^ative  charge  npon  an  earthed  circuit. 

is  zero,  •/.  e.  the  same  as  that  of  the  earth,  whilst  that  of  the 
negative  pole  is  50  volts  below  zero.  At  the  battery  end 
the  difference  of  potential  between  the  wire  and  earth  is  50 
volts,  but  at  the  other  end  it  is  nothing,  since  that  end  is 
earth  connected.     The  charge  is  therefore  represented  in 
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Fio.  112.— Positive  ami  negative  cliarges  due  to  connocting  eartltod  hatterien  of  equal 
E.M.F.,  but  with  their  opposite  poles  conneate*!  to  the  two  ends  of  the  circuit. 

value  by  the  area,  and  in  sign  by  the  downw4inJ  ]Kmti(m  of 
the  triangle.  It  will  be  seen  that,  with  the  same  E.M.F. 
applied  in  both  cases,  the  value  of  the  charge  upon  an 
earthed  circuit  is  half  that  upon  the  circuit  when  dis- 
connected. It  will  also  be  noted  that  the  charge  is  not 
evenly  distributed  over  the  wire  but  is  densest  at  the 
battery  end  and  at  the  distant  end  is  nothing.    The  density 
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therefore  varies  from  nothing  at  the  earthed  end  to  a  maxi- 
mum at  the  battery  end,  due,  of  course,  to  the  fact  that  the 
difference  of  potential  similarly  varies  from  nothing  to  —  50 
volts. 

The  effect  of  connecting  two  earthed  batteries  in  series 
at  either  end  of  a  circuit  is  shown  in  Fig.  112.  The  differ- 
ences of  potential  between  each  end  and  eatth  is  +50  volts 
and  —  50  volts  respectively.  It  will  therefore  be  seen  that 
at  the  centre  of  the  circuit  the  potential  is  zero  and  no 
effect  would  be  produced  upon  the  magnitudes  and  values 
of  the  charges  if  that  point  were  earthed.  It  will  also  be 
noticed  that  the  disconnection  of  the  right-hand  battery 
would  reproduce  the  conditions  of  Fig.  Ill,  and  that  a 
current  would  flow  into  the  wire  sufficient  to  sweep  out 
the  negative  charge  and  to  charge  the  whole  of  the  wire 
positively. 

The  results  of  the  foregoing  somewhat  lengthy  explan- 
ations may  be  summarized  as  follows,  and  it  is  in  this  form 
that  they  will  be  applied  to  the  practical  cases  which 
present  themselves. 

1.  The  value  and  sign  of  a  charge  may  be  represented 
by  the  area  of  a  rectangle  or  triangle  as  the  case  may  be. 

2.  If  either  pole  of  a  battery  is  earthed  its  potential  is 
considered  zero,  and  that  of  the  other  pole  as  the  E.M.F. 
of  the  battery  above  or  below  zero  as  the  case  may  be. 

3.  The  potential  of  the  earthed  end  of  a  circuit  is  con- 
sidered-as  zero. 

Paths  of  Line  and  Compensation  Circlit  Charges  and 
Discharges. 

When  both  keys  of  a  double  current  duplex  set  are  at 
rest  opposite  poles  of  the  battery  are  connected  to  the  line 
at  the  two  ends  and  the  distribution  and  signs  of  the 
charges  are  therefore  similar  to*  those  depicted  in  Fig.  112. 
At  the  down  station  the  positive  pole  of  the  battery  is 
normally  connected  to  line,  but  in  Fig.  113  the  key  is 
shown  depressed,  Le.  with  negative  to  line.  The  two 
shaded  triangles  represent  the  charges  which  exist  when 
both  keys  are  at  rest.  If  the  down  station  key  were  de- 
pressed, the  negative  pole  of  the  battery  would  be  con- 
nected  to  line  as  shown   in   the  figure.     It   is,  however. 


EFFECT  OF  CAPACITY  OF  LINE 


253 


desired  to  trace  exactly  what  happens  at  the  moment  of 
depressing  the  key,  and  therefore  the  charges  Avhich  existed 
when  both  keys  were  at  rest  have  been  depicted  as  stated. 
The  up  end  of  the  line  is  negatively  charged  and  the 
reversal  of  the  battery  at  the  down  end  will  clearly  produce 
a  negative  charge  at  that  end  also.  Since  the  two  batteries 
are  of  equal  E.M.F.  the  potential  below  the  earth  will  be 
the  same,  and  the  result  will  be  that  the  wire  will  have  the 
negative  charge  depicted  by  the  rectangle  enclosed  by  the 
wire,  dotted  lines,  and  the  full  line  at  the  up  end.  In 
order  to  effect  this,  the  existing  positive  charge  at  the  down 


Fic.  118.— Double-current  duplex.    Paths  of  line  and  condenMr  charge  and  discharge. 
The  conditions  are  depicted  at  the  moment  when  the  down  key  is  depressed. 


end  must  be  swept  out  and  a  negative  charge  must  be 
given  of  sufficient  value  to  complete  the  negative  charging 
of  the  wire.  It  should  be  noticed  that  the  negative  charge 
at  the  up  end  of  the  circuit  remains  the  same,  and  it  is 
merely  a  matter  of  **  filling  up"  the  rest  of  the  wire  with 
negative. 

Having  dealt  with  the  charge  when  both  keys  are  at 
rest  and  when  the  down  key  only  is  depressed  it  is 
necessary  to  trace  the  direction  of  the  charges  and  dis- 
charges w^hich  must  occur  in  order  that  the  former  con- 
dition may  merge  into  the  latter.  In  order  to  charge  a 
wire  negatively  a  current  must  flow  from  the  positive  to 
earth,  through  the  dielectric  to  the  wire  and  back  to  the 
negative  pole   of  the  battery.     If   the  wire  possesses  a 
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IDOsitive  charge  the  direction  of  its  discharge  is  the  same, 
viz.  from  the  wire  to  earth  through  aud  in  the  same 
direction  as  the  battery.  In  the  present  case,  therefore,  the 
depression  of  the  down  key  (as  shown  in  Fig.  113)  causes 
the  positive  charge  to  discharge  through  the  battery. 
The  negative  recharge  of  course  takes  place  in  the  same 
direction.  A  positive  discharge  and  a  negative  recharge 
current  therefore  flow  from  the  wire  through  the  C-circle 
D-circle  coil  of  the  relay  (direction  U  to  D),  through  the 
battery,  right  coil  of  the  galvanometer,  to  earth.  This  may 
be  put  in  another  and  more  correct  way.  Upon  reversing 
the  battery  a  current  flows  from  the  positive  pole  through 
the  galvanometer  to  earth,  through  the  dielectric  (air  or 
gutta-percha  as  the  case  may  be),  on  to  the  wire,  out  of  the 
wire  at  the  down  end,  through  the  circle  coil  oJE  the  relay, 
back  to  the  negative  pole  of  the  battery.  The  current  flows 
until  the  whole  of  the  wire  is  negatively  charged,  and  there- 
fore the  quantity  of  electricity  flowing  out  of  the  end  of 
the  wire  to  earth  through  the  aj^paratus  is  equal  to  the 
jjroduct  of  the  E.]\1.F.  of  the  battery,  and  the  capacity  of 
the  circuit  when  disconnected  at  the  distant  end.  This^ 
will  be  quite  apparent  from  the  fact  that  the  charges  existing 
when  both  keys  were  at  rest  arc  equal  in  magnitude,  but 
opposite  in  sign. 

The  terminals  of  the  rheostat  are  bridged  by  a  condenser 
of  such  a  capacity  that  its  discharge  and  recharge  in  the 
reverse  direction  through  the  compensation  coils  of  the 
relay  and  galvanometer  are  equal  to  the  discharge  and 
recharge  of  the  line  through  the  other  coils.  When  both 
keys  are  at  rest  the  condenser  at  the  down  station  is  charged 
by  the  difference  of  potential  across  the  temiinals  of  the 
rheostat ;  due,  of  coui*se,  to  the  current  flowing  in  the  com- 
pensation circuit.  The  lower  plate  is  therefore  charged 
l)ositively  and  the  upper  negatively.  When  the  down  key 
is  depressed  (as  depicted)  the  condenser  discharges  and  is 
charged  in  the  revei*se  direction,  the  result  being  indicated 
by  the  dotted  signs.  There  are  two  paths  open  to  the  dis- 
charge current,  viz.  through  the  rheostat  and  through  the 
D  U  coil  of  the  relay,  ])attery,  and  left  coil  of  the  galvano- 
meter. By  far  the  greater  portion  takes  the  latter  path  and 
is  followed  by  the  recharge  in  the  reverse  direction.  In 
fact  no  serious  error  is  made  in  assuming  that  the  whole  of 
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tlie  discharge  aud  recliarge  occurs  tlirougli  llie  relay  aud 
galvanometer,  and  that  practically  no  current  flows  through 
the  rheostat  until  the  condenser  is  fully  charged  with  the 
quantity  of  electricity  it  will  require  to  have  due  to  the 
potential  difference  between  the  terminals  of  the  rheostat. 
The  charges  in  the  condenser  at  the  up  end  are  unaffected 
because  that  battery  has  not  been  disturbed,  and  therefore 
the  potential  difference  across  its  rheostat  is  unaltered  in 
magnitude  or  direction.  Both  the  condenser  and  the  line 
discharges  and  recharges  are  caused  by  the  reversal  of  the 
battery  and  the  circuit  from  the  strapped  galvanometer  to 
the  strapped  relay  terminals  is  common  to  both.  The 
directions  and  paths  of  tlie  line  and  condenser  charges 
have  respectively  been  indicated  by  single  and  double 
arrow-heads.  The  effect  of  the  line  charge  is  to  produce 
a  marking  **  kick  "  on  depressing  the  key  and  that  of  the 
compensation  circuit  a  spacing  "kick,"  and  by,  choosing 
a  suitable  value  of  capacity  in  the  condenser,  the  two 
effects  counterbalance  each  other  and  duplex  working  is 
possible. 

As  the  above  conditions  have  received  such  minute  con- 
sideration it  will  suffice  to  briefly  state  the  effects  due  to 
depressing  or  raising  the  other  key  and  then  to  summarize 
the  whole  of  the  results  of  the  investigation. 

If  the  down  key  is  released  the  conditions  of  charge 
represented  by  the  triangles  will  be  re-established  and 
the  condenser  will  be  discharged  and  recharged  as  in- 
dicated by  the  full  and  not  the  dotted  signs.  This  will 
entail  rushes  of  current  in  the  down  station's  line  and  com- 
pensation circuits  in  directions  opi)osite  to  those  shown  by 
the  arrow-heads.     The  up  station  will  be  unaffected. 

The  depression  of  the  up  key  whilst  the  down  key  is  at 
rest  will  cause  the  whole  of  the  line  to  be  j)ositively  charged 
and  will  reverse  the  charge  in  the  up  condenser.  The 
path  of  the  line  negative  discharge  and  positive  recharge  is 
from  the  positive  pole  of  the  battery  through  the  line  coil 
of  the  galvanometer  to  line,  through  tlie  dielectric,  to  earth, 
through  the  relay  from  tZ-circle  to  L^-circle  and  back  to 
the  negative  pole  of  the  battery.  The  condeiiser  discharges 
and  recharges  through  the  other  coils  of  the  galvanometer 
and  relay,  but  in  the  spacing  direction.  The  down  station 
is  unaffected.     When  the  up  key  is  released  the  conditions 
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previously  existing  are  restored   by  discharges  and   re- 
charges in  the  opposite  direction  to  those  just  described.* 

Summary  of  Effects  of  Line  and  Compensation  Circuit 
Charges  and  Discharges. 

The  results  of  the  foregoing  investigations  may  be 
summarized  as  follows  : — 

1.  At  the  end  of  the  circuit,  where  the  position  of  the 
key  is  unaltered,  no  effect  takes  place,  and  it  is  therefore 
only  necessary  to  consider  the  end  where  the  key  is  changed 
in  position. 

2.  The  sign  of  the  charge  upon  the  end  of  the  line  is 
the  same  as  that  of  the  pole  of  the  battery  connected  to  it. 

3.  The  discharge  and  recharge  of  the  line  is  in  the  same 
direction  as  the  discharge  and  recharge  of  the  condenser, 
and  both  are  always  in  the  same  direction  as  the  E.M.F. 
of  the  battery  when  the  latter  is  changed  by  altering  the 
position  of  the  key. 

4.  The  line  discharge  and  recharge  passes  through  the 
line  coils  of  the  relay  and  galvanometer  and  through  the 
battery. 

5.  The  compensation  circuit  charges  and  discharges 
through  the  left  coil  of  the  galvanometer,  battery,  and 
C7D-coil  of  the  relay. 

6.  On  depressing  a  key  the  direction  of  the  line  dis- 
charge and  recharge  is  from  [/-circle  to  Z>-circle,  so  tending 
to  cause  a  marking  kick.  The  galvanometer  needle 
similarly  upwards  or  towards  the  right. 

Arrangement  of  Compensation  Circuit  for  Balancing 
Long  Lines. 

Upon  page  249  it  was  stated  that  very  long  lines  could 
not  be  satisfactorily  balanced  by  simply  placing  a  con- 
denser across  tiie  terminals  of  the  rheostat.  It  will  now 
be  necessary  to  investigate  this  statement  and  consider  the 
arrangements  adopted  in  such  cases. 

The  quantity  of  electricity  in  a  given  condenser  depends 
upon  the  E.M.F.  with  which  it  was  charged  and  upon  its 

*  The  reader  is  strongly  advised  to  sketcli  each  of  the  conditions  dealt 
with,  and  to  plot  the  reeulting  chaiges  together  with  the  paths  of  the 
current  producing  them. 
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capacity.  The  diBcliarge  of  the  coudeuser  will  give  rise  to 
a  curreni  of  electricity,  but  the  duration  and  mamitude  of 
the  current  will  depend  upon  the  properties  of  the  circuit 
through  which  it  discharges.  For  instance,  the  condenser 
will  take  twice  as  long  to  discharge  itself  through  a 
resistance  coil  of  lOO*  as  it  would  through  a  50*  coil.  In 
the  former  case  the  average  value  of  the  discharge  current 
would  be  only  half  as  much  as  in  the  latter  case. 

In  order  that  the  discharge  of  the  condenser  in  the 
compensation  circuit  may  balance  that  in  the  line  circuit, 
it  is  obvious  that  the  discharges  must  not  only  be 
equal  as  regards  the  quantity  of  electricity  discharged, 
but  the  discharges  must  occupy  exactly  the  same  time. 
In  fact,  at  any  and  every  instant  during  which  the  two 
discharges  take  place  they  must  be  exactly  equal  in 
value.  Now  the  charge  and  discharge  of  a  long  line 
cannot  be  balanced  by  a  compensation  circuit  arranged 
as  in  Fig.  113.  The  quantity  of  electricity  disc*harged 
through  the  line  coils  of  the  galvanometer  and  relay 
may  be  exactly  equal  to  that  discharged  tlirough  the 
compensation  coils,  but  unless  the  rate  of  discharge  is  the 
same,  irregularities  will  inevitably  occur.  The  line  charge 
and  discharge  are  slow  m  comparison  with  the  charge  and 
discharge  of  a  condenser  arranged  as  described.  The 
reason  is  that  in  charging  a  line,  say  a  hundred  miles  long, 
the  current  has  to  traverse  and  charge  the  first  ten  miles 
before  it  can  charge  the  second,  the  second  ten  miles  of 
line  has  to  be  traversed  and  charged  by  the  current 
before  the  third  ten  miles  is  charged,  and  so  on.  The 
resistance  encomitered  in  the  path  of  the  charging  current 
slows  down  the  rate  at  which  the  circuit  is  charged.  In 
the  case  of  the  condenser  the  battery  is  applied  almost 
directly  to  its  tenninals  and  the  charge  is  therefore  much 
more  rapid.  In  the  one  case  the  capacity  is  distributed 
over  a  very  long  line,  every  mile  of  which  has  a  very 
appreciable  resistance,  whilst  in  the  other  the  capacity  is 
all  located  at  one  point  and  that  point  almost  directly 
between  the  terminals  of  the  charging  battery.  The  one 
coil  of  the  relay,  and  the  one  coil  of  the  galvanometer 
alone  intervene  between  the  terminals  of  the  batteiy  and 
the  condenser. 
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Effects  of  Defective  Capacity  Balance, 

It  will  now  be  possible  to  trace  the  effect  of  attempting 
to  balance  a  long  line  by  a  condenser  bridged  across  the 
rheostat.  In  Fig.  113  the  i>ath8  and  directions  of  the  line 
and  condenser  discharge  and  recharge  upon  depression  of 
the  down  key  are  indicated  by  arrow-heads.  If  the  line  is 
very  long,  its  discharge  and  recharge  will  occupy  a  longer 
time  than  that  of  the  condenser,  The  rapid  charging  of 
the  condenser  will  give  rise  to  a  short  heavy  current 
whilst  the  slow  charging  of  the  line  will  entail  a  smaller 
current  spread  over  a  longer  time.  Therefore  the  chai'ge 
current  through  the  compensation  circuit  will,  during  its 
existence,  preponderate  over  the  line  charge  current,  so 
causing  a  kick  to  spacing.  Immediately  the  short  heavy 
charge  of  the  condenser  ceases  the  line  charge,  which  is 
still  proceeding,  in  its  turn  affects  the  relay,  but  in  the 
opposite  direction.  The  result  of  the  arrangement  is  tliat 
the  two  charge  currents  alternately  upset  the  balance,  but 
the  unopposed  latter  part  of  the  line  charging  current  is 
of  very  small  importance  in  comparison  with  the  prepon- 
derance of  the  short  heavy  rush  of  current  through  the 
condenser.. 

The  introduction  of  resistance  into  the  charging  and 
discharging  circuit  of  a  condenser  slows  down  its  rate,  of 
charge  and  discharge.  If,,  for  instance,  an  E.M.F.  of  100 
volts  is  applied  to  a  condenser  in  series  with  a  resistance 
of  10,000",  it  will  be  obvious  that  the  maximum  possible 
value  of  the  charging  current  at  the  instant  at  which  the 

charge  commences  cannot  possibly  exceed  10  m.a.  f-^j.     If 

the  resistance   is   1000",   upon    the   same    argument   the 
maximum  current  could  not  exceed  100  m.a. 

The  insertion  of  resistance  between  the  condenser,  and 
the  rheostat  has,  then,  the  effect  of  slowing  down  the 
charge  and  discharge  of  the  condenser. .  It  will  not,  how- 
ever, in  any  way  affect  the  quantity  of  electricity  in  the 
condenser.  ■ 


Ketaedation  and  Condenser  Coils. 
Upon  very  long  circuits  even  this  device  fails,  and  recourse 
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is  taken  to  the  use  of  two  condensers  and  two  resistances  as 
depicted  in  Fig.  114.  The  first  condenser  A  is  charged  and 
discharged  through  the  resistance  JBg  ^^^  *^®  second  con- 
enser  B  through  both  ftg  ^^^  -^a-  The  charge  and  discharge 
of  the  second  condenser  therefore  occur  a  little  later  than 
those  of  the  first,  and  tlie  result  is  a  much  closer  imitation 
of  the  line  charge  and  discharge  than  is  possible  with  a 
single  condenser.  The  two  condensers  are  contained  in  a 
single  box  as  described  in  Chapter  VI.  A  reference  to 
this  and  to  Figs.  114  and  115  will  make  the  arrangement 
adopted  quite  clear. 
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Flu.  114.— Arrangement  of  condensers  and  timing 
reaistancee  in  the  compensation  circuit. 


Fio.  115.— Arrangement  of  balancing  appara- 
tus in  compenaation  circuit  Ri  is  the 
rheostat,  R2  the  retardation  coils,  and  R* 
(Pig.  114)  and  the  coils  marked  "condr.'' 
(Fig.  115)  are  the  condenser  coils. 


The  resistance  li.t  is  termed  the  retardation  coils  and  is 
furnished  with  eight  coils  having  a  total  maximum  of 
IKX)*",  the  smallest  coil  being  10*.  The  resistance  l?^  is 
only  employed  upon  circuits  over  150  miles  in  length,  and 
for  circuits  under  200  miles  long  consists  of  a  fixed 
resistance  coil  of  2000".  Over  that  length  an  8-plug 
resistance  box,  having  a  range  of  50**  to  4050*'  by  grada- 
tions of  50**  is  employed  and  is  termed  the  "condenser 
coils."  Since  the  resistance  required  in  the  condenser 
coils  varies  to  a  very  small  extent  with  the  weather,  the 
fixed  resistance  coil  2000**  is  quite  satisfactory  upon  any 
but  the  longest  circuits. 
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For  cable  circuits  it  is  necessary  to  employ  a  three- 
section  or  triple  condenser  of  considerable  capacity  and 
three  sets  of  resistance  coils,  but  the  principle  of  the 
arrangement  is  identical  with  that  of  the  two-section 
condenser. 


CAPAorri  Balance  may  Differ  at  the  Two  Stations. 

In  Fig.  113  the  capacity  and  resistance  of  the  line  were 
assumed  to  be  uniformly  distributed  along  the  length  of 
the  line.  In  practice  this  is  rarely  the  case,  especially 
upon  long  circuits.  The  effect  of  an  unequal  distribution 
is  to  alter  the  position  of  the  zero  point.  To  take  a  greatly 
exaggerated  case,  suppose  that  a  line  has  a  resistance  of 
2000'*,  and  that  one-half  of  the  circuit  has  a  capacity  of 
15  m.f.,  whilst  the  capacity  of  the  second  half  is  nothing. 
Such  a  case  could  be  artificially  produced  by  adding  a 
resistance  coil  to  a  long  underground  circuit,  the  value  of 
the  coil  being  equal  to  the  conductor  resistance  of  the  line. 
The  zero  point  of  the  circuit  would  be  at  the  junction  of  the 
line  and  the  coil.  Since  there  is  no  charge  upon  the  arti- 
ficial resistance,  it  will  be  found  that  the  effect  of  revei^sing 
the  key  at  the  resistance  coil  end  of  the  circuit  is  to  cause  a 
charge  proportional  to  the  area  of  the  triangle  representing 
the  charge  to  occur.  At  the  cable  end,  reversal  of  the  key 
results  in  a  discharge  exactly  three  times  as  great.  This 
deduction  from  the  principles  already  considered  is  so 
obvious  that  further  explanation  should  not  be  needed. 

The  application  of  this  principle  in  practice  shows  that 
where  a  circuit  consists  of  a  submarine  or  long  underground 
line  at  one  end,  with  an  open  line  of  considerable  length 
joining  it,  the  capacity  at  the  open  end  of  the  circuit  may 
be  veiy  much  less  than  that  at  the  cable  end.  For  instance, 
upon  a  London  Birmingham  duplex  passing  through  the 
underground  route  7^  m.f .  condensera  are  required  at  either 
end.  If  the  circuit  is  extended  Northwards  from  Birming- 
ham by  a  long  open  line,  a  lOj  m.f.  condenser  is  needed  at 
the  London  end. 

At  the  cable  end  of  a  circuit  the  value  of  the  retardation 
resistance  is  usually  low,  and  the  capacity  in  the  first 
division  of  the  condenser  is  correspondingly  high. 
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Connections  of  Duplex  Set. 

A  duplex  and  single  switcli  is  added  to  the  apparatus  in 
much  the  same  way  as  in  the  single  current  sounder.  The 
alterations  required  to  change  the  set  from  duplex  to 
simplex  are  shown  in  Fig.  116.     The  dotted  lines  represent 


FiQ.  110.— Alterations  to  doable  cnirent  duplex  connectlonn  requ'rad  for  simplex 
working.  The  scored  coanectlons  are  requirpd  for  duplex,  and  t'le  di>tt:fd  connec- 
tions fur  sfnipltfx  working. 

the  connections  which  must  he  established  and  the  scored 
lines  those  which  must  be  broken.  Figs.  103  and  110 
should  be  carefully  compared,  and  little  trouble  will  then 
be  experienced  in  remembering  the  connections.  The  full 
connections  are  depicted  in  Fig.  117. 

The  following  facts  may  profitably  be  noted  : — 

1.  As  in  all  types  of  sounder  circuit,  the  up  station  sends 
positive  to  line  to  mark. 

2.  The  right  terminal  of  the  galvanometer  and  the  U- 
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circle  terminal  of  the  relay  are  respectively  the  down  and 
up  line  terminals. 

3.  The  top  three  terminals  of  the  duplex  switch  deal  with 
D  of  the  relay,  and  the  lower  three  with  the  left  terminal 
of  the  key. 

4.  The  key  is  inserted  between  the  strapped  terminals  of 
the  galvanometer  and  relay. 

5.  With  the  keys  at  rest  the  line,  or  circle,  coils  tend  to 
space. 

DOWN  UNE  on  E 


Fio.  117.— Doable  current  sounder  duplex  connecUonn. 

Resistance  Baijince. 

It  has  previously  been  stated  that  the  resistance  of  a 

conductor  vanes  with   its   temperature.      The   conductor 

resistance  of  a  telegraph  circuit  therefore  varies  from  day 

to  day,  and  the  diflFerence  between  its  resistance  at  summer 

r  or 'o/**''-/^u  P^""?*"^^  ^1^°  ^-  »"d  22°  F.)  would  amount 
to  ^02%  «  the  wire  were  of  iron  and  to  nearly  18%  if 
of  copper  wire  erected  upon  poles.  The  insulation  resist- 
ance of  the  circuit  IS  also' subject  to  wide  variations     In 
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very  fine  dry  weather  the  insulation  rises  to  a  very  high 
value,  and  in  damp  or  wet  weather  falls  to  a  corresponding 
extent.  Upon  long  circuits  this  diflference  is  most  distinctly 
felt,  but  upon  very  short  circuits  it  is  not  noticeable,  because 
of  the  disparity  in  the  values  of  the  conductor  resistance 
and  the  lowest  value  of  the  insulation  resistance  without 
the  existence  of  a  definite  fault  or  faults.  This  point  will 
not,  perhaps,  be  clearly  apprehended  until  Chapter  XIX 
has  been  considered. 

Since  the  resistance  of  a  circuit  is  variable,  it  will  be 
seen  that  an  adjustable  resistance  and  not  a  resistance  coil 
of  fixed  value  must  be  employed  to  balance  it.  The  in- 
strument employed,  termed  a  rheostat,  has  been  described 
in  Chapter  III.  The  value  of  the  resistance  which  it  is 
necessary  to  insert  to  obtain  a  balance  is  ascertained  by 
means  of  the  duplex  set  itself. 

The  top  of  the  needle  of  all  Post  OflSce, galvanometers 
deflects  in  the  direction  in  which  the  effective  current  passes 
from  terminal  to  terminal  of  the  instrument,  and  reference 
to  Figs.  108  and  109  will,  by  aid  of  this  rule,  show  that  a 
spacing  current  is  represented  by  a  deflection  to  the  left, 
and  a  marking  current  by  a  right  deflection.  In  Fig.  108 
both  needles  deflect  to  the  left,  and  the  relay  spaces  by  the 
preponderance  of  current  in  the  line  coils  of  the  gal- 
vanometer and  relay.  This  fact  may  be  expressed  in  an 
equally  correct  but  more  convenient  way,  viz.  that  they 
are  actuated  by  the  current  received  from  the  distant 
station.  If  a  resistance  coil  equal  in  value  to  the  in- 
ternal resistance  of  the  battery  is  substituted  for  the 
distant  battery,  the  deflection  upon  the  home  galvanometer 
at  once  falls  to  zero  if  the  circuit  has  been  accurately 
balanced.  The  home  current  divides  equally  between  the 
line  and  compensation  circuits,  and  no  effect  is  therefore 
produced.  If  these,  circuits  were  not  balanced  then  the 
one  of  lower  resistance  would  carry  the  larger  current,  so 
producing  a  deflection,  the  direction  of  which  would  be 
revetted  upon  depression  of  the  key.  The  effect  of  re- 
placing the  resistance  coil  by  the  distant  battery  may  be 
regarded  as  the  sending  of  a  current  through  the  home 
line  coils  of  galvanometer  and  relay.  This  spacing  current 
deflects  the  galvanometer  and  causes  the  relay  to  space,  but 
if  the  home  key  is  now  depressed  the  deflection  upon  the 
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homo  galvanometer  is  increased  or  decreased  according 
to  which  circuit  (line  or  compensation)  has  the  higher 
resistance. 

If  no  resistance  is  inserted  in  the  rheostat  tlie  compensa- 
tion current  is  sufficiently  great  to  overcome  the  effect  of 
the  current  in  the  line  coils  of  the  relay  and  galvanometer, 
and  a  marking  current  and  deflection  will  result.  The 
sounder  will  be  held  down,  and  the  marks  sent  upon  the 
home  key  will  be  received  reversed  upon  the  home  sounder. 
Upon  the  other  hand,  a  disconnection  or  the  insertion  of  a 
very  large  resistance  in  the  rheostat  will  cause  the  marks 
from  the  home  key  to  be  received  straight. 

The  practical  operation  of  balancing  is  carried  out  by  the 
aid  of  the  effects  which  have  been  explained  above.  The 
40*  arm  of  the  rheostat  is  placed  at  zero,  and  the  40O*  arm 
at  any  value  in  excess  of  the  resistance  of  the  circuit.  The 
key  is  depressed,  and  the  effect  obsen^ed  upon  the  galvan- 
ometer or  the  sounder  if  the  balance  is  out  to  a  sufficient 
extent  to  affect  it.  The  4(X)**ann  is  moved  downwards, 
]X)int  by  point,  until  the  depression  of  the  key  gives  a 
deflection  in  the  reverse  direction  to  that  previously 
obtained.  The  40*  arm  is  then  moved  up  point  by  point 
until  a  balance  is  obtained.  An  increased  downward 
deflection  or  a  reduced  marking  deflection  upon  depression 
of  the  key  indicates  that  the  resistance  in  the  rheostat 
should  be  reduced  and  the  converse  that  it  should  be  in- 
creased. The  use  of  this  loile  in  a  logical  manner  enables 
a  circuit  to  be  accurately  balanced  in  the  minimum  of 
time. 

Oapaoity  Balance. 

The  balancing  of  the  capacity  of  the  circuit  can  only  be 
effected  when  the  resistance  has  been  d^alt  with,  and  it  will 
now  be  necessary  to  point  out  that  the  resistance  balance  is 
obtained  by  noting  the  position  of  the  galvanometer  needle 
when  the  kicks  due  to  inaccurate  capacity  balance  have 
passed  away.  It  is  merely  necessary  to  hold  the  key  down 
sufficiently  long  for  the  needle  to  come  to  rest  after  the 
kick  has  passed  away.  The  steady  positions  of  the  needle 
should  alone  be  observed  in  this  case. 

The  effects  of  capacity  have  been  very  fully  considered, 
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and  the  following  rules  can  readily  be  deduced  from  the 
previous  explanation  : — 

1.  If,  on  depressing  the  key,  the  galvanometer  needle 
momentarily  deflects  upwards  (L  e.  marking  direction),  the 
capacity  in  the  compensation  circuit  should  be  increased. 

2.  If,  on  depressing  the  key,  the  galvanometer  needle 
momentarily  deflects  downwards  (i.e.  spacing  direction), 
the  capacity  in  the  compensation  circuit  should  be  decreased. 

3.  If,  on  depressing  the  key,  the  galvanometer  needle 
momentarily  deflects  upwards,  and  upon  releasing  the 
key  again  momentarily  deflects  in  the  same  direction,  the 
timing  resistances  (retardation  and  condenser  coils)  require 
alteration. 

In  cases  (1)  and  (2)  the  kick  is  observed  in  the  reverse 
direction  when  the  key  is  released.  The  final  adjustments 
are  frequently  made  by  the  passage  of  working  signals^ 
and  resolve  themselves  into  an  intelligent  form  of  "  trial 
and  failure  "  method.  The  time  taken  in  finding  the  exact 
balance  of  a  cable  circuit  upon  which  a  triple  condenser  is 
employed  is  very  considerable,  but  when  once  found  the 
variations  necessitated  from  it  are  confined  within  small 
limits. 

Faults. 

A  disconnected  line  causes  the  sender's  marks  to  be 
received  reversed  upon  the  home  apparatus,  and  this  still 
happens  when  the  rheostat  resistance  is  increased.  The 
deflection  upon  the  galvanometer  will  be  reduced  as  the 
resistance  is  increased. 

An  earth  upon  the  line  reduces  the  normal  deflection  upon 
the  home  galvanometer,  and  when  the  switches  at  both' 
ends  are  turned  to  simplex,  the  deflection  when  sending 
greatly  exceeds  that  when  receiving.  The  resistance  in  the 
rheostat  is  also  greatly  reduced. 

Apparatus  faults  are  located  by  application  of  the  prin- 
ciples previously  laid  down,  but  one  or  two  examples  of 
the  effects  of  such  faults  are  appended. 

If  it  is  possible  to  work  duplex  and  not  simplex,  or  rice 
versa,  the  fault  may  be  caused  by  a  disconnection  in  the 
parts  of  the  circuit  not  used  under  the  condition  (simplex 
or  duplex  working)  which  is  defective,  but  not  by  a  dis- 
connection in  the  parts  which  are  used.     The  parts  of  the 
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circuit  included  in  the  path  of  the  current  for  the  perfect 
condition  are  therefore  eliminated  from  consideration.  The 
location  of  the  defect  is  so  similar  to  that  adopted  with  the 
single  current  duplex  that  it  will  only  be  necessary  to  specify 
faults  which  are  peculiar  to  the  double  current  duplex. 

Disconnection  of  the  condenser  is  revealed  by  split  niarks. 
and  the  fact  that  alteration  of  the  plugs  produces  no  effect. 
A  short  circuit  in  the  condenser  renders  the  rheostat  in- 
operative, and  the  sender's  marks  are  received  reversed. 

A  rather  puzzling  fault  which  occasionally  occurs  is  due 
to  one  of  the  shunts  acrdss  the  galvanometer  coils  becoming 
disconnected.  The  result  is  that  when  a  balance  has  been' 
obtained  by  the  galvanometer  the  working  signals  are  split 
up  when  both  stations  are  simultaneously  working.  This 
is  immediately  detected  if  the  signals  are  rectified  by  alter- 
ing the  resistance  in  the  rheostat.  The  signals  are  then 
correctly  received,  but  the  home  key  causes  the  galvanometer 
to  deflect. 

A  similar  fault  is  occasionally  produced  by  the  insulation 
of  the  galvanometer  or  the  relay  coils  giving  way,  and  so 
short  circuiting  a  number  of  turns  of  wire. 

A  heavy  loss  upon  a  circuit  frequently  precludes  duplex 
but  not  simplex  working.  AVhen  a  wire  is  earthy,  its 
resistance,  and  consequently  the  resistance  required  in  the 
rheostat  to  balance  it,  is  greatly  decreased.  The  strength  of 
the  current  in  both  line  and  compensation  coils  is  therefore 
correspondingly  increased,  but  these  two  eflFects  balance. 
If,  now,  three-fourths  of  the  current  from  the  distant  station 
flow  to  earth  one-fourth  only  will  be  available  at  the  distant 
end.  Tliis  fraction  of  the  current  acts  solely  upon  one  coil 
of  the  relay,  whereas  in  simplex  working  the  current  ^vould 
pass  through  both  coils  of  the  relay  in  series.  The  pull 
upon  the  tongue  of  the  relay  would  be  quite  twice  as  strong 
in  the  latter  as  in  the  former  case. 

Battery  Power  and  Current  Required. 

Large  Daniells  are  employed  upon  all  double  current' 
simplex  circuits  under  150  miles  in  length,  and  Bichromates 
above  150  miles.  The  current  required  is  from '  14  to 
17  m.a.,  and  is  calculated  for  the  conditions  of  simplex 
working.  The  local  battery  is  either  a  three-cell  Large 
Daniell  or  a  two-cell  Bichromate. 


CHAPTER    VIII 
THE    QUADEUPLEJC. 

QUADRUPLEX  working  consists  in  the  simultaneous 
transmission  of  two  messages  in  each  direction  over 
a  single  wire  connecting  two  stations.  It  is  accomplished 
by  taking  advantage  of  the  fact  that  currents  may  diflEer 
from  each  other  in  direction  and  in  strength.  Two  keys 
are  employed,  viz.  the  reversing  key  which  determines 
the  direction  of  the  current  and  the  increment  key  which 
determines  its  strength.  One  of  the  two  relays  used  in 
conjunction  is  polarized  and  the  other  non-polarized.  The 
polarized  relay  is  of  the  Post  Office  Standard  B  pattern,  in 
which  the  tongue  is,  of  course,  only  moved  over  to  M  when 
the  current  passes  in  the  direction  U  to  D.  The  non- 
polarized relay,  upon  the  other  hand,  is  actuated  by  a 
current  in  either  direction  provided  that  it  is  sufficiently 
strong  to  overcome  the  pull  of  the  antagonistic  spring. 
This  relay  is  so  adjusted  that  unless  the  strength  of  the 
current  is  increased  by  depression  of  the  increment  key 
its  armature  is  unaffected.  The  polarized  relay  is  only 
affected  by  a  current  in  the  direction  U  to  D  which  occurs 
solely  when  the  reversing  key  is  down. 

It  will  therefore  be  seen  that  the  two  relays  may  be 
selectively  actuated  by  the  two  keys.  By  depressing  the 
reversing  key  a  current  passes  through  the  relays  in  the 
direction  U  to  D,  but  it  only  actuates  the  polarized  relay, 
its  strength  being  insufficient  to  overcome  the  pull  of  the 
spring  upon  the  non-polarized  relay.  Depression  of  the 
increment  key  alone,  only  actuates  the  non-polarized  relay 
because  the  current  passes  in  the  direction  D  to  U.  If  both 
keys  are  down  a  current  of  full  strength  passes  through 
both  relays  in  the  direction  U  to  J)  and  both  are  therefore 
actuated. 
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The  whole  avrangemont  is  (hiploxed  upon  the  difTerontial 
principle  by  splitting  the  sending  currents  equally  through 
the  differentially  wound  relays  and  galvanometer.  Tlie 
details  of  the  instruments  Avill,  however,  be  reserved  until 
the  working  of  the  set  as  a  whole  has  been  considered. 

Skeleton  Connections. 
The  skeleton  connections  of  a  quadniplex  set  are  depicted 
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Fin.  118.— Principle  of  Qiuulrnplex. 

in  Fig.  118.  The  reversing  key  is  similar  to  the  double 
current  key  but  with  the  switch  omitted.  Its  connections 
when  at  rest  and  depressed  are  identical  with  those  of  the 
double  current  key,Vith  the  syvitch  to  send,  imder  the  same 
conditions.  The  increment  key  is  here  represented  by  an 
ordinary  single  current  key  and  at  present  calls  for  no 
further  comment.  The  negative  pole  of  the  battery  is 
joined  to  Z  of  the  reversing  key  and  0  is  taken  to  the 
centre  of  the  increment  key.     When  this  key  is  at  rest  only 
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u  part  of  the  battery  is  connected  to  the  reversing  key, 
but  when  it  is  depressed  the  whole  battery  is  so  connected. 
The  reversing  key  controls  the  direction  of  the  current  and 
the  increment  key  its  strength. 

The  left  side  of  the  reversing  key  is  earthed  and  the 
right  side  goes  to  the  split  of  the  non-polarized  relay.  The 
right-hand  coil  of  the  galvanometer,  the  plain  coil  of  the 
.1  side  relay  and  the  same  coil  of  the  B  side  relay  are 
connected  in  series  to  the  line  at  the  up  station.  The  other 
coils  of  the  two  relays  and  galvanometer  are  similarly 
joined  in  series  to  the  rheostat  which  contains  resistance 
equal  to  that  of  the  line  and  distant  apparatus. 

When  all  the  keys  are  at  rest  the  conditions  which 
obtain  are  similar  to  those  of  a  double  current  duplex,  viz. 
the  batteries  at  the  two  stations  combine  together  to  produce 
a  current  in  the  line  circuit  twice  as  large  as  that  in  either 
of  the  compensation  circuits.  This  preponderating  (current 
must  be  in  the  spacing  direction,  and  in  order  to  effect  this 
and  the  combination  of  the  batteries,  the  connections  at  the 
down  office  have  to  be  modified.  Firstly,  to  effect  the  com- 
bination of  the  batteries  the  two  battery  wires  upon  Z  and 
C  of  the  reversing  key  are  crossed,  and  secondly  the  line 
and  rheostat  cliange  sides  of  the  galvanometer  and  thus  a 
spacing  effect  is  normally  produced  at  the  down  office. 

Value  of  the  Current  under  various  conditions. 

The  working  of  the  set  will  be  most  clearly  understood 
by  giving  definite  numerical  values  to  the  various  factors 
which  determine  the  currents  in  the  various  parts  of  the 
circuit.  With  the  B  key  at  rest  an  E.M.F.  of  15  volts  is 
connected  to  the  A  key  and  with  the  B  key  depressed  this 
E.M.F.  is  raised  to  45  volts.  The  battery  has  been  assumed 
to  have  no  internal  resistance  in  order  to  simplify  the 
calculations  involved.  This  assumption  does  not  involve 
any  appreciable  error  in  the  general  results  which  will  be 
obtained,  but  it  will  subsequently  be  indicated  how  fcir  these 
results  must  be  modified  to  accord  with  strict  accuracy. 
The  resistances  of  the  remaining  parts  of  the  circuit  are 
clearly  marked  upon  the  diagram  (Fig.  118). 

The  total  resistance  of  the  line  circuit  is  200  +  200  +  43 
+  614  +  43  +  200  +  200  =  1500-.      The    resistance    of 
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either  compensation  circuit  is  200  +  200  +  43  +  1057  = 
15(X>.  With  all  the  keys  at  rest  the  path  of  the  line  circuit 
current  is  from  the  positive  pole  of  the  15-volt  up  battery 
to  earth,  through  and  joining  with  the  15-volt  down  battery 
through  the  line  coils  of  both  relays  (direction  D  to  U)  and 
the  galvanometer,  along  the  line  through  the  line  coils  of 
the  up  galvanometer  and  relays  {D  to  tJ)  and  thence  back 
to  the  negative  pole  of  the  battery.  The  current  in  this 
circuit  is  produced  by  15  +  15  —  30  volts  and  is  there- 
fore ^;-,^^=  20  m.a.  The  compensation  currents  are  each 
loOO 

15 

-      =  10  m.a.  and  in  the  direction  U  to  D,  consequently 
JLoUU 

both  A  relays  are  held  to  spacing  by  the  10  m.a.  preponder- 
ance of  the  line  current  from  D  to  f7  in  the  relay.  The 
B  relays  are  unaffected  because  they  are  adjusted  to  be 
unaffected  by  a  preponderance  of  10  m.a.  This  is  practi- 
cally identical  with  the  double  current  dujjlex,  and  it  will 
therefore  readily  be  seen  that  with  both  A  keys  down  both 
A  relays  will  mark  due  to  the  reversal  of  the  current.  With 
one  A  key  down  and  one  at  rest  the  batteries  oppose  and 
their  compensation  circuits  respectively  space  and  mark 
with  the  10  m.a.  which  their  own  batteries  produce  in 
theni;  As  stated  above,  this  current  of  10  m.a.  upon  one 
coil  of  the  relay,  is  not  sufficient  to  actuate  the  B  relays. 
If  both  B  keys  are  depressed  an  E.M.F.  of  45  volts  is 
connected  to  the  A  key  at  each  end.  With  both  the 
A  keys  at  rest  the  paths  and  directions  of  the  currents  are 
identical  with  those  described  when  the  B  keys  were  also 
at  rest.  The  strength  of  the  current  in  each  part  of  the 
circuit  is,  however,  three  times  as  great. 

Line  circuit  current  —    \^--—~  ~  60  m:a. 

lo(KJ 

45 
Compensation  circuits'  current  =        -'       =  30  m.a. 

it)UU 

The  current  in  the  line  coils  of  both  stations'  relays  is  from 
D  toU  and  therefore  both  A  relays  space,  but  the  B  relays, 
being  non-polarized,  both  mark  due  to  the  effect  of  GO  —  30 
=  30  m.a.  upon  one  coil  of  the  relay. 
If  an  A  key  is  depressed  whilst  both  B  keys  are  still 
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down  the  batteries  oppose  each  other  in  the  line  circuit,  and 
the  compensation  circuits  are  therefore  left  unopposed  to 
produce  their  effects.  Each  carries  a  current,  of  30  m.a. 
produced  by  the  full  power  and  therefore  both  B  relays  are 
actuated.  At.  the  end  where  the  A  key  is  depressed  the 
current  is  in  the  direction  D  toU  and  therefore  the  A  relay 
spacer,  but  at  the  distant  end  a  mark  is  registered  because 
the  compensation  current  is  there .  flowing  in  the  U  to  D 
direction. 

.  The  two  cases  Avhich  remain  to  be  considered  are,  firstly, 
when  one  B  key  only  is  depressed,  and,  secondly,  when  one 
B  key  and  the  distant  ^1  key  are  simultaneously  depressed. 
In  the  first  case  the  E.M.F.  acting  in  the  line  circuit  is 

15  +  45  =  GO*  and  the  current  is  therefore  tftt-  =  40  m.a. 

1500 

The  direction  of  the  line  current  is  from  iJ  to  U  and  is 

produced  by  the  batteries  acting  together.      At  the  end 

where  the  B  key  is  depressed  the  compensation  current  is 

45 

-p-p-  =  30  m.a.  and  the  net  effect  at  that  end  is  there- 
loOO 

fore  40  —  30  —  10  m.a.  in  the  direction  D  to  U  thix)ugh 

both  relays.     Both  relays  therefore  space  at  this  end.     At 

the  disUmt  end  the  compensation  current  is  produced  by 

15 
the  smaller  E.M.F.  and  is  -^^  =  10  m.a.    The  net  effect 

is  therefore  40  -  10  =  30  m.a.  ujx)n  the  line  coil  of  the 

relays.     This  actuates  the  B  but  not  the  A  relay  because 

the  direction  of  the  current  is  from  D  to  U. 

The  second  case  is  rather  more  difficult  to  deal  with.     It 

is  when  one  A  key  and  the  distant  B  key  are  depressed. 

Let  the  up  A  key  and  the  down  B  key  be  depressed.     The 

current  in  the  line  circuit  is  due  to  the  larger  down  battery 

sending  a  current  through  the  smaller  up  battery.     This 

current  is  equal  to  the  difference  in  the  E.M.F.s  divided 

45  —  15 
by  the  resistance  of  the  line  circuits.    It  is      ^- -  -  =  20  m.a. 

loOO 

in  the  direction  f/  to  D  at  the  down  and  D  to  C7  at  the  up 

office.    The  .compensation  currents  at  the  up  and   down 

offices  are  respectively  10  m.a.  direction  D  to  17  and  30  m.a. 

direction  U  to  D.    At  the  down  office  the  difference  between 

the  compensation  and.  line  currents  is  30  —  20  ^^  10  m.a.  in 
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the  direction  (7  to  D.  The  down  A  relay  therefore  marks, 
but  the  B  relay  is  unaffected.  At  the  up  station  the  line 
current  (20  m.a.)  flows  through  both  relays  in  the  direction 
D  to  U.  The  current  in  the  compensation  circuit  is  10  m.a. 
and  in  the  same  direction,  viz.  V  toU.  The  effects  of  the 
line  and  compensation  currents  (20  m.a.  and  10  m.a.  re- 
sx^ectively)  are  therefore  added  together,  and  are  equivalent 
to  30  m.a.  upon  one  coil  of  the  relay.  The  A  relay  is  un- 
affected, but  the  B  relay  is  actuated. 

In  explaining  the  above  condition  it  was  stated  that  the 
larger  battery  sent  a  curi'ent  of  20  m.a.  through  the  smaller 
one.  This  statement  is  scarcely  correct  since  the  smaller 
battery  is  at  the  same  time  assumed  to  be  sending  a  current 
through  its  compensation  circuit.  The  numerical  values  of 
the  ciurrents  obtained  by  the  assumption  are  accurate,  but 
the  actual  path  of  the  current  is  this  :  the  20  m.a.  flowing 
through  the  line  circuit  divides  into  two  equal  parts  when 
it  reaches  the  split  of  the  relay,  one  of  which  parts  flows 
throuffh  the  battery  in  opposition  to  its  E.M.F.  and  the 
other  half  flows  round  the  compensation  circuit. 

The  "  U  Kick." 

A  serious  ditficidty  occurs  in  quadruplex  working  due  to 
the  fact  that  the  reversal  of  the  current  through  the  circuit 
occupies  a  definite  interval  of  time.  The  direction  of  the 
current  in  the  line  circuit  is  reversed  if  the  A  key  is 
depressed  whilst  the  B  key  is  down.  Since  the  continuous 
depression  of  the  B  key  is  actuating  the  distant  B  relay  by 
the  current  sent  over  the  line,  the  depression  of  the  A  key 
(also)  entails  an  instant  in  which  the  distant  B  relay  is 
unmagnetized.  The  spring  upon  the  B  relay  therefore 
acts,  and  the  tongue  momentarily  returns  to  its  normal 
ixjsition,  thus  producing  a  break  in  the  signal.  This  effect, 
generally  termed  the  "  B  kick,"  is  of  vital  importance,  and 
the  various  systems  of  quadruplex  differ  almost  solely  in  the 
method  in  which  its  deleterious  effects  are  counteracted. 
Having  described  the  effect  in  general  terms  it  will  be 
desirable,  in  view  of  its  importance,  to  consider  it  in  a  more 
detailed  manner. 

Assmning  the  same  figures  as  those  previously  employed 
the  current  in  the  line  circuit  is  GO  m.a.  when  all  the  keys 
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are  depressed.  The  compensation  currents  are,  under  the 
same  circumstances,  30  m.a.  in  each  case,  and  the  B  relays 
therefore  are  both  actuated  by  the  preponderance  of  the  line 
current,  whilst  the  A  relays  are  actuated  because  the  direc- 
tion of  the  cuiTent  is  from  U  to  D.  If  now  the  down 
station  releases  the  A  key  the  down  battery  is  reversed. 
The  current  in  the  line  circuit  is  stopped,  and  the  current 
in  the  down  compensation  circuit  is  reversed  in  direction. 
These  changes  occupy  a  definite  interval  of  time  which 
varies  with  the  capacity  and  resistance  of  the  circuit.  The 
reader's  attention  is  directed  at  this  point  exclusively  to 
the  B  relays.  Since  both  the  B  keys  are  depressed  both  B 
relays  should  be  continuously  actuated,  and  the  movements 
of  the  A  keys  must  have  no  effect  whatever  upon  the  B 
sounders  if  quadruplex  working  is  to  be  successful.  At  the 
down  station  the  release  of  the  A  key  stops  the  line  current 
an(i  reverses  the  direction  of  the  magnetization  of  the  coil 
of  the  B  relay  in  the  compensation  circuit.  With  this  A 
key  down  the  preponderating  line  current  actuated  the 
down  B  relay,  whilst,  in  the  normal  position,  the  B  relay  is 
actuated  by  the  current  in  the  compensation  circuit.  It 
will  therefore  be  seen  that  the  current  in  the  compensation 
circuit  has  to  change  from  30  m.a.  in  one  direction  to  30 
m.a.  in  the  opposite  direction.  In  changing  there  is  clearly 
a  n^oment  at  which  the  relay  is  entirely  unmagnetized,  and 
at  this  instant  the  spring  will  cause  the  relay  tongue  to 
break  contact.  Tliis  splits  the  mark  which  should  continue 
uninterrupted  so  long  as  the  up  B  key  is  depressed.  At 
the  up  end  of  the  circuit  the  compensation  circuit  is  un- 
affected, but  the  lino  current  has  to  fall  from  60  m.a.  to 
nothing,  and  in  doing  so  there  must  clearly  be  an  instant  at 
which  its  value  is  30  m.a.,  and  therefore  the  up  B  relay  also 
kicks,  but  this  effect  is  quite  small  in  comparison  with  that  at 
the  down  office  where  the  reversal  of  the  A  key  has  occurred. 
One  other  example  of  the  B  kick  will  perhaps  suffice  for 
the  complete  elucidation  of  the  effect.  If  the  up  B  key  is 
alone  depressed  the  down  B  relay  marks  owing  to  the 
preponderance  of  the  40  m.a.  in  the  line  circuit  over  the  10 
m.a.  in  the  compensation  circuit.  During  the  depression 
of  the  up  B  key  let  the  A  key  also  be  depressed.  The 
reversal  of  the  up  battery  reverses  the  direction  of  the 
current  in  the  line  circuit,  and  its  final  value  is  20  m.a. 

T 
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For  the  ciirront  to  change  from  40  m.a.  in  one  direction  to 
20  m.a.  in  the  reverse  direction  through  the  line  occupies  a 
definite  interval  of  time,  and  at  some  instant  before  reversal 
during  the  change  its  value  will  have  fallen  from  40  m.a. 
to  10  m.a.  At  this  instant  the  currents  in  the  line  and 
compensation  circuits  at  the  down  station  balance  each 
other,  and  the  relay  is  momentarily  demagnetized.  The 
spring  upon  the  B  relay  tongue  breaks  the  mark  which  the 
permanent  depression  of  the  up  B  key  should  have  rendered 
quite  continuous. 

The  conditions  described  above  are  depicted  in  Fig.  119, 
but  the  keys,  galvanometere,  and  A  relays  have  been 
omitted  in  order  that  attention  may  be  concentrated  upon 

w  (§>, 

^;^     Akpyat  rest  40nr)o. 


E         E 
DOWN 


Fio.  119.— Tlie*'JJ 'kick. 


the  effect  under  consideration.  In  other  respects  the 
diagram  represents  the  actual  connections  suitably  skele- 
tonized. The  two  batteries  shown  at  the  up  station  repre- 
sent the  two  ways  in  which  the  battery  is  connected  under 
the  two  conditions  described. 

It  has  been  shown  that  if  the  A  key  is  depressed  whilst 
the  B  key  is  sending  a  dash  the  latter  signal  is  liable  to  be 
split.  If  the  spring  upon  the  non-polarized  relay  normally 
held  the  tongue  to  the  spacing  side,  and  the  local  battery 
and  sounder  were  connected  between  T  and  M  this  result 
would  be  quite  inevitable.  In  the  Post  Office  quadruplex  the 
spring  upon  the  non-polarized  relay  normally  holds  the 
tongue  to  M,  and  a  relaying  sounder  (see  Figs.  77  and  78) 
is  employed  to  close  the  local  circuit  of  the  reading  sounder. 
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Rklayino  Rounder. 

The  teraiinals  of  the  non-polarized  relay  (Fig.  120)  are 
connected  to  a  local  battery  and  the  coils  of  the  relaying 
sounder.  This  local  circuit  is  normally  completed  through 
the  tongue  of  the  rehiy,  and  the  armature  lever  is  therefore 
permanently  held  down.  The  reading  sounder  and  local 
battery  are  coimected  between  the  lever  and  the  top  contact. 
The  sounder  is  therefore  only  actuated  when  the  lever  of  the 
uprighter  rises  and  makes 
contact  with  its  stop.  This 
only  occurs  when  the  relay 
is  actuated  and  its  local 
circuit  broken.  The  actua- 
tion of  the  relay  therefore 
produces  a  mark  upon  the 
reading  sounder  the  dura- 
tion of  which  corresponds 
with  the  length  of  the  signal. 
If  the  sounder  and  local 
were  directly  connected  to 
T  and  M  the  marks  received 
upon  the  relay  would  be 
"  reversed,"  and  the  im- 
mediate object  of  the  up- 
righter is  to  make  the  marks 
"  straight." 

It  now  remains  to  show 
how  the  interposition  of  the 
uprighter  accomplishes  its 
real  object,  viz.  that  of  pre- 
venting the  **  B  kick  "  from  splitting  the  mark.  Immediately 
the  strength  of  the  current  becomes  sufficiently  great  to 
overcome  the  pull  of  the  spring  upon  the  B  relay  the  tongue 
breaks  contact  with  A/.  This  permits  the  lever  of  the 
uprighter  to  move  upwards  and  st^rt  the  mark  upon  the 
reading  sounder.  The  mark  commences  therefore  in- 
stantly the  tongue  breaks  contact.  If,  whilst  the  tongue 
is  resting  on  the  left  side,  the  distant  A  key  is  also  de- 
pressed, the  tongue  is  momentarily  released  from  the  left 
side,  but  before  it  can  end  the  mark  it  has  to  travel  across 
to,  and  make  contact  with,  A/,     It  i^  found  that  before  this 
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can  occur  the  current  in  the  relay  is  re-established  in  the 
reverse  direction,  and  that,  therefore,  the  only  effect  of  the 
B  kick  is  to  cause  the  tongue  to  momentarily  recede  from 
the  left  side,  but  not  sufficient])'  to  affect  the  signals.  It 
will  be  obvious  that  if  the  sounder  was  joined  directly 
between  T  and  M  and  the  spring  normally  held  the  tongue 
to  the  left,  the  smallest  movement  of  the  tongue  would  then 
break  the  mark  upon  the  reading  sounder. 

Tlie  time  taken  for  a  current  to  rise  to  its  maximum 
value  is  directly  proportional  to  the  product  of  the  capacity 
and  resistance  of  the  circuit.  This  time  is  therefore  greater 
in  the  case  of  long  circuits  and  circuits  having  a  con- 
siderable amount  of  underground  than  for  short  lines, 
and  limits  the  length  of  the  circuit  over  which  quadruplex 
working  is  possible.  For,  when  the  time  taken  for  the 
current  to  change  in  direction,  and  consequently  for  the 
relay  to  reverse  its  magnetism,  becomes  long  enough  to 
allow  the  tongue  to  touch  21/  and  so  break  the  mark  upon 
the  sounder,  quadruplex  working  is  clearly  precluded.  The 
uprighting  sounder  device  has  therefore  a  definite  limit 
beyond  which  it  is  ineffective.  This  is  the  case  with  the 
London-Birmingham  underground,  and  quadruplex  working 
cannot  therefore  be  adopted. 

The  Condenser  "  B  Side  "  Arrangement. 

The  arrangement  depicted  in  Fig.  121  recently  devized 
by  A.  W.  Martin  is  now  the  standard  practice  upon  the 
"  B  sides  "  of  all  quadruplex  circuits.  Whilst  simplifying 
the  adjustments,  and  so  assuring  greater  reliability,  it  is 
also  cheaper  than  the  relaying  sounder  device. 

The  reading  sounder  is  of  the  900*'  pattern,  having  coils 
of  1000-,  and  a  shunt  of  9000"  resistance  (see  Chapter  XV). 
The  local  battery  has  an  E.M.F.  of  approximately  24  volts, 
and  consists  of  13  Bichromate  cells.  A  2  m.f.  condenser 
is  placed  across  the  terminals  of  the  sounder,  and  the 
platinum-tipped  contact  screw  upon  the  non-polarized  relay 
is  changed  over  to  the  left  side  if  the  relay  is  of  the  older 
B  pattern  (both  S  and  M  contact  points  are  provided  in 
the  C  relay).  The  marks  upon  the  sounder  are  thus  made 
directly  by  the  completion  of  the  local  circuit.  The  100"  re- 
sistance coil  and  the  '5  m.f.  condenser  are  placed  across  the 
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local  contacts  to  avoid  sparking.  This  will,  however,  be 
considered  when  the  action  of  the  2  m.f .  condenser  has  been 
dealt  with.     For  the  present  it  may  be  ignored. 

In  order  to  ti-ace  the  action  of  the  device,  imagine  that  a 
dash  is  being  received  upon  the  B  relay,  and  that  the  A 
key  is  depressed  during  its  continuance.  The  2  m.f.  con- 
denser is,  during  the  mark,  charged  to  the  potential  which 
exists  across  the  terminals  of  the  sounder.  The  depression 
of  the  A  key  causes  the  tongue  to  momentarily  break  the 
local  circuit.  Instantly  this  occurs  the  condenser  discharges 
through  the  sounder,  but,  in  addition,  there  is  the  current 
due  to  the  self-induction  of 
the  sounder.  Now  the  con- 
denser acts  as  a  short  circuit 
across  the  soimder  terminals 
whilst  it  is  being  discharged, 
and  therefore  the  current 
due  to  the  E.M.F.  of  self- 
inductance  is  correspond- 
ingly large.  The  condenser 
discharge  current  and  that 
due  to  the  self-inductance  of 
the  sounder  are  in  such  a 
direction  as  to  continue  the 
mark  by  preventing  the 
magnetization  of  the  sounder 
from  falling  to  zero  during 
the  momentary  break.  Be- 
fore this  can  happen  the 
local  circuit  is  re-estab- 
lished, and  there  is  therefore 
signal. 

The  '5  m.f.  condensers  and  100**  resistance  coil  are  used 
to  prevent  sparking  at  the  relay  contacts  upon  completion 
of  the  local  circuit.  At  the  moment  at  which  the  circuit 
is  made  the  2  m.f.  condenser  is  charged,  and  this  would 
entail  a  heavy  rush  of  current  across  the  contact  points  if 
the  alternative  path  provided  by  the  smaller  condenser 
were  not  available.  It  may  be  noted  that  when  the  local 
circuit  is  incomplete  both  condensers  are  charged  with 
equal  quantities  of  electricity,  but  that  the  difference  of 
potential  existing  between  the  terminals  of  the   2   m.f. 
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no   break  in  the  received 
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condenser  is  4*8  volts  as  against  19'2  volts  across  the 
smaller  condenser.  (See  also  arrangement  described  in 
Appendix  C.) 

A  Key. 

The  A  or  reversing  key  is  similar  to  a  double 
current  key  but  is  not  furnished  with  a  *'send  and 
receive  "  switch.  Its  connections  are  identical  with  those 
of  the  corresponding  four  temiinals  of  a  double  current 
key,  and  in  actual  construction  there  is  also  but  little 
difference.  The  two  outside  lower  contacts  of  the  lever  are 
mounted  upon  adjustable  screws,  as  in  the  liater  patterns 
of  double  current  key.  This  is  done  in  order  that  the 
key  may,  in  passing  from  the  lower  to  the  upper  contact 
springs,  momentarily  short  circuit  the  battery  by  making 
contact  with  the  upper  springs  before  breaking  with  the 
lower  ones.  The  duration  of  the  short  circuit  should,  of 
course,  be  made  as  short  as  possible. 

The  B  K>:y. 

The  B  or  increment  key  is  a  specialized  form  of  single 
current  key  so  arranged  that  the  battery  is  never  cut  off 
from  the  A  key.  In  order  to  accomplish  this  it  is  necessaiy 
that  the  lever  of  the  key  should  make  contact  with  the 
upper  point  before  breaking  with  the  lower.  In  the  older 
form  of  key  the  lever  played  between  two  contact  springs 
placed  above  and  below  the  end  of  the  lever.  The  upper 
contact  point  of  the  lever  was  adjustable  so  that  the 
duration  of  the  period  of  short  circuit  could  be  varied. 
A  much  later  type  of  key  is  depicted  in  Fig.  122. 
Normally  the  right-hand  spring  rests  upon  a  contact  ix)iiit 
to  the  left.  The  end  of  the  key  lever  is  provided  with 
a  contact  point  which,  upon  depression  of  the  key,  first 
makes  contact  with  the  spring,  so  short-circuiting  the 
battery,  and  then  raises  the  spring,  so  breaking  the  con- 
nection with  the  left  stud.  The  lever  is  connected  to  the 
end  of  the  B  battery,  the  left  contact  to  tlio  tap  wire  and  the 
spring  Xo  the  A  key. 

If  a  single  current  key  be  employed  as  increment  key  in 
the  way  depicted  in  Fig.  118,  it  will  be  obvious  that,  during 
the  time  tlie  lever  is  moving  off  the  back  contact  on  to 
the  front  one,  the  battery  is  momentarily  disconnected  ffom 
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the  A  key.  In  both  the  forms  of  key  described  above  the 
B  side  of  the  battery  is  momentarily  short  circuited  thus 
avoiding  the  disconnection  of  the  A  battery  by  the  depres- 
sion of  the  B  key.  In  order  to  prevent  excessive  sparking 
a  loo  resistance  coil  is  connected  between  the  end  of  the 
whole  battery  and  the  B  key.  Further,  it  will  Ije  obvious 
that  the  resistance  of  the  battery  should  be  the  same 
whether  the  keys  are  at  rest  or  depressed.  Were  this 
not  so  the  distant  balance  w^ould  be  disturbed  when  the 
lX)sition8  of  the  keys  were  changed.  It  is  consequently 
necessary  to  insert  a  resistance  in  the  "tap"  wire  equal 
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to  the  sum  of  the  internal  resistance  of  the  B  battery  and 
100"  spark  coil.  The  resistance  of  the  battery  circuit  with 
the  B  key  at  rest  is  therefore  equal  to  the  internal  resist- 
ance of  the  A  battery  plus  the  resistance  coil  equal  to  the 
internal  resistance  of  the  B  battery  and  spark  coil.  With 
the  B  key  down  the  resistance  is  that  of  the  whole  battery 
and  the  spark  coil  /.  e.  as  before. 

Earthing  Arrangements. 

The  split  wire  is  taken  through  a  two  way  switch  so  that 
the  batteries  and  keys  may  be  cut  out  and  a  resistance 
equal  to  that  of  the  battery  circuit  (internal  resistance  of 
the  whole  battery  +  spark  coil)  may  be  substituted.  This 
provision  facilitates  the  attainment  of  an  accurate  capacity 
balance. 
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QuADRUPLEx  Resistance  Blocks. 

The  three  resistance  coils  are  officially  designated  "  Quad- 
resistance  blocks  A,  B  and  0."  They  differ  from  the 
ordinary  resistances  in  shape  and  the  size  of  the  wire. 
The  coils  are  fixed  beneath  a  circular  wooden  case  fur- 
nished with  screw  teiminals.  Since  the  B  battery  is  short 
circuited  through  the  spark  (A)  coil  and  the  tap  (B)  coil 
the  wire  is  of  larger  gauge  to  avoid  excessive  heating.  The 
B  and  C  coils  are  usually  furnished  with  four  terminals 
so  that  the  resistances  may  be  employed  universally.  The 
values  which  can  be  obtained  are  50*,  lOO*,  150",  200"  and 
250«. 

Use  of  6-Terminal  Reversing  Keys. 

It  has  been  found  possible  to  use  keys  which  do  not 
short  circuit  the  batteries,  and  in  many  new  quadruplex 
circuits  the  6-terminal  reversing  key  is  employed  for  both 
A  and  B  sides.  The  key  is  fully  described  and  illustrated 
in  Chapter  XVI,  in  connection  with  secondary  cell  working, 
and  it  will  here  suffice  to  say  tliat  it  differs  from  the  A  key 
in  having  the  upper  and  lower  battery  springs  each  brought 
out  to  a  separate  terminal.  When  employed  with  primary 
batteries  as  an  A  key  these  four  terminals  are  connected  so 
as  to  give  the  same  connections  as  the  A  key  already  dealt 
with. 

Upon  the  B  side  the  same  key  is  employed,  but  only 
one  half  of  the  key  is  actually  used  and  therefore  three 
of  the  terminals  are  left  blank.  Although  the  key  does 
not  short  circuit  the  battery  in  passing  from  the  lower  to 
the  upper  springs,  it  will  be  obvious  that  the  duration  of 
the  disconnection  should  be  made  as  short  as  is  consistent 
with  immunity  from  short  circuit. 

Effects  of  Short  Cirouit  and  Disconnection  in 
Intermediate  Positions  of  the  Keys. 

The  effect  of  the  change  from  short  circuit  to  discon- 
nection in  the  intermwliate  position  of  the  A  key  is  of 
far  less  importance  than  would,  at  first  sight,  be  supposed. 
The  essential  factor  is  the  time  whicli  the  A  key  takes  to 
revers3  the  connections  of  the  battery  and,  as  the  key  is 
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finely  adjusted,  there  is  but  little  difference  between  the 
two  arrangements.  Whether  the  key  disconnects  or  short 
circuits  the  "jB  kick"  effect  is  necessarily  experienced 
when  the  key  is  depressed  in  the  middle  of  a  mark  from 
the  B  key. 

In  the  case  of  the  B  key  disconnection  the  effects  are 
exclusively  confined  to  the  A  relays.  If  both  A  keys  are 
at  rest  the  tendency  of  the  momentary  disconnection  is  to 
produce  a  false  mark  at  the  distant  end  due  to  the  distant 
balance  being  upset.  The  reduction  in  the  value  of  the 
line  current  necessary  for  this  effect  does  not,  however,  occur 
with  sufficient  rapidity  and  the  relay  continues  to  space. 
With  both  keys  down  the  distant  relay  might  be  expected 
to  kick  to  spacing,  but  the  same  explanation  also  holds  in 
this  case.  With  one  key  down  and  one  up  the  effect  of 
the  momentary  disconnection  is  still  less  on  account  of  the 
current  in  the  line  circuit  being  extremely  small  or  even 
nil.  Since  the  bias  upon  the  relay  is  very  small  the  tendency 
for  the  tongue  to  break  contact  is  proportionately  less.  This 
is  quite  apart  from  the  fact  that  the  residual  magnetism 
alone  would  probably  suffice  to  prevent  the  mark  from  being 
interfered  with. 

It  should  be  added  that  no  change  in  the  values  or 
positions  of  the  Quad-Resistance  Blocks  has  been  made 
as  the  result  of  the  adoption  of  the  6-terminal  reversing 
key  for  both  A  and  B  keys. 

Connections. 

The  full  connections  of  a  quadruplex  set  as  formerly 
arranged  for  an  up  station  are  shown  in  Fig.  123,  and  it  is 
believed  that  but  little  difficulty  will  be  found  in  memor- 
izing them.  The  following  points  will,  however,  probably 
assist  the  reader : — 

1.  The  sending  current  splits  at  the  B  relay. 

2.  The  up   station  normally  connects  negative    to   the 

split. 

3.  Under  normal  conditions  the  relays  space  due  to  the 

combination  of  the  batteries.  (This  gives  the  clue 
to  the  joining  up  of  the  line  and  compensation 
circuit.) 


282 


TELEGRAPHY 


Left  8ide  of  the  A  key  is  earth,  aud  right  goes  to 
split  of  the  relay  (may  be  deduced  from  3). 

At  the  up  office  Z  and  G  of  the  A  key  are  respectively 
joined  to  Z  of  the  battery  aud  G  to  the  centre  of 
the  B  key  {B  key  determines  whether  tap  or  end.  of 
battery  goes  to  the  A  key). 

For  a  down  office  reverse  the  battery  wires  on  the  A 
key  and  the  line  and  compensation  circuits  on  the 
galvanometer. 


LINE 


Fiu.  123.— Connections  of  qnadraplex  up-staiion. 

The  local  circuits  call  for  no  comment,  and,  if  the  function 
of  the  quad-resistance  blocks  is  thoroughly  understood,  no 
other  difficulty  appears  to  present  itself.  The  six  state- 
ments given  above  are  of  some  utility  in  verifying  the 
accuracy  of  connections. 

Upon  existing  quadruplex  circuits  the  condenser  B  side 
device  is  being  substituted  for  the  uprighter,  but  this  does 
not  affect  the  general  principles  enunciated. 

Universal  Principle  of  Working. 
Very  frequently  the  universal  principle  is  adopted  for 
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quadruplex  working  even  Avhere  primary  batteries  are 
employed.  The  details  of  the  arrangement  are  fully  con- 
sidered in  Chapter  XVI,  and  it  will  suffice  to  remark  that 
the  lamp  resistances  of  Fig.  292  are  replaced  by  metal- 
cased  resistance  coils  and  that  the  fuses  are  omitted. 

Balancing. 

The  balancing  of  the  circuit  is  accomplished  in  the  same 
way  as  in  duplex  working,  but  there  are  the  distinct 
advantages  of  the  larger  power  and  the  earthing  switch. 
Balancing  should  be  effected  with  the  full  power  (i.  e.  with 
the  B  key  down),  and  the  A  key  should  be  used  in  the 
same  way  as  the  double  current  key  in  duplex  balancing. 
The  distant  earthing  switch  should  be  turned  for  capacity 
balancing,  and  the  rules  previously  deduced  (page  205) 
apply  with  equal  truth  to  this  operation. 

Adjustment. 

The  adjustment  of  a  quadruplex  circuit  is  by  no  means 
a  difficult  matter,  and  the  adjustments  are  reasonably  per- 
manent if  carefully  made.  The  whole  of  the  trouble  lies 
upon  the  B  side,  and  it  will  be  desirable  to  indicate  a  few 
obvious  deductions  from  previous  considerations.  The  B 
relay  is  worked  by  any  cuiTent  which  attains  a  certain 
value  greater  than  the  A  current.  The  best  adjustment  is 
therefore  obtained  when  the  A  marks  are  just  cleared  off 
the  B  side.  Assuming  the  values  given  in  Fig.  119,  it 
will  be  seen  that  if  the  B  relay  only  marks  when  the 
effective  current  has  attained  25  m.a.  the  effect  of  the  B  kick 
will  be  far  larger  than  if  it  begins  to  work  when  the 
effective  current  has  attained  12  m.a.  If  the  relay  works 
with  the  smaller  current  then  the  tongue  is  not  released 
until  the  current  has  fallen  from  30  to  12  m.a.  instead  of 
when  it  has  fallen  to  25  m.a.,  and  it  is  again  actuated  when 
the  current  has  risen  to  12  m.a.  instead  of  having  to  wait 
until  it  has  increased  by  a  further  13  m.a.  The  term 
effective  current  has  been  used  to  designate  the  difference 
between  the  values  of  the  current  in  the  two  coils  of  the 
relays. 

In  clearing  the  marks  off  the  B  relay  it  is  preferable  to 
do  this  by  removing  the  armatures  further  from  the  cores 
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instead  of  by  increased  tension  upon  the  spring.  This 
adjustment  can  be  made  by  moving  the  contact  screws. 
The  tension  upon  the  spring  should  not  be  greater  than  is 
essential  for  reliability  of  action.  Again,  the  play  of  the 
tongue  of  the  relay  should  not  be  reduced  to  the  fineness 
of  repeater  adjustments.  The  tongue  should  have  some 
distance  to  traverse  before  it  can  break  a  mark.  This 
amount  of  play  is  definitely  limited  by  the  clear  recep- 
tion of  the  signals,  and  although,  from  the  point  of  view 
'of  the  "  B  kick,"  it  is  desirable  to  have  considerable  play, 
yet  this  cannot  be  accomplished  at  the  expense  of  the 
received  signals.  The  amount  of  play  which  will  usually 
be  found  to  be  best  is  about  equivalent  to  the  thickness  of 
a  contact  burnisher  or  that  of  the  heavy  lines  in  Fig.  118. 

The  upright ing  soimder  should  be  adjusted  so  as  to 
accurately  and  sharply  reproduce  the  received  signals. 
The  play  of  the  tongue  should  be  reduced  to  the  smallest 
possible  limits  consistent  with  reliability.  Here  again  the 
reduction  in  the  sensitiveness  should  preferably  be  made 
by  removing  the  armature  further  from  the  cores  rather 
than  by  unduly  tightening  the  spring.  A  reference  to  page 
197  will  reveal  the  fact  that  where  great  rapidity  of  action 
is  desired  the  magnetic  circuit  must  not  approximate  to  a 
closed  circuit,  or,  in  other  words,  there  must  be  distinct 
air-gaps.  The  ?ores  of  the  uprighter  are  made  very  short 
in  order  that  magnetization  and  demagnetization  maybe  more 
rapid.  The  reason  for  making  the  play  of  the  uprighter 
lever  as  small  as  possible  should  be  quite  obvious  in  the 
light  of  the  explanations  already  given. 

With  the  condenser  device  upon  the  B  side  the  adjust- 
ment is  quite  an  easy  matter.  The  contact  points  may  be 
approached  as  closely  as  is  desired,  but  the  minimum  safe 
tension  should  be  used  upon  the  spring.  The  sensitiveness 
of  the  relay  should  bo  reduced  by  moving  the  armature 
away  from  the  cores,  rather  than  by  excessive  tension  upon 
the  adjusting  spring. 

The  adjustment  of  the  A  relay  and  the  sounders  shoxdd 
call  for  no  comment  as  the  matter  has  been  fully  considered 
previously.  The  reader  is  particularly  advised  always  to 
locate  the  point  of  defective  regulation  and  to  apply  the 
remedy  where  the  defect  exists.  A  defect  at  one  point 
may   be  partially  rectified  by   defective  regulation   at   a 
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fieeond  one,  but  this  procesR  inevitably  leads  to  unrelia})le 
adjustments. 

Decrement  Working. 

In  order  to  dispense  with  the  uprighter,  and  at  the 
same  time  retain  the  advantages  which  its  use  entails,  the 
decrement  system  of  working  is  occasionally  employed. 
This  consists  in  arranging  the  B  key  to  decrease  the  power 
when  depressed,  so  that  normally  the  full  battery  is  con- 
nected to  the  A  key.  With  all  the  keys  at  rest  the  tongues 
of  the  B  relays  are  held  away  from  their  M  contacts.  The 
depression  of  the  B  key  reduces  the  current  and  permits 
tte  tongue  to  make  contact  with  A/,  and  as  the  sounder 
and  local  battery  are  connected  directly  to  T  and  M  the 
sounder  is  actuated.  Over  short  distances  tliis  system 
is  quite  as  satisfactory  as  the  increment  system,  and  it  has 
the  advantage  of  reducing  the  number  of  possible  adjust- 
ments by  dispensing  with  the  uprighter.  Upon  the  other 
hand  the  full  power  is  normally  connected  up,  and  there- 
fore the  energy  required  is  certainly  greater  than  in  the 
increment  system.  Moreover  it  normally  leaves  the  full 
power  connected  to'  the  line,  and  where  gutta-percha  insu- 
lated underground  wires  are  concerned  this  is  undesirable. 
For  very  lo;ig  lines  it  is  not  as  satisfactory  as  the  increment 
system  and  there  are  many  lines  now  working  increment 
which  could  not  be  worked  at  all  on  the  decrement  plan. 

In  order  to  convert  an  increment  into  a  decrement 
quadruplex  the  wires  upon  the  two  outer  terminals  of  the 
increment  key  are  reversed,  and  the  local  circuit  of  the 
B  relay  is  directly  connected  to  the  reading  sounder  and 
its  local  battery.  The  platinum-tipped  contact  screw  of 
the  B  relay  is  of  course  moved  to  the  left  side. 

Use  of  Bridging  Coil. 

In  new  quadruplex  circuits  a  bridging  coil  having  a 
resistance  of  lOO*  is  included  in  the  compensation  circuit,  in 
order  to  balance  the  self-inductance  of  the  distant  receiving 
apparatus.  The  coil  has  an  iron  case  thus  giving  a  closed 
magnetic  circuit.  Its  self-inductance  is  equal  to  that  of 
one  coil  of  each  relay  and  one  coil  of  the  galvanometer. 
Without  this  device  a  quadruplex  circuit  cannot  be  worked 
over  a  short  line  (see  page  244). 


286  TELEdHAPHY 

Other  Quadruplex  Systems. 

The  geiieml  principles  of  the  Post  Office  Byst^m  of  quad- 
ruplex working  have  now  been  stated,  but  it  will  be 
obvious  that  the  same  object  may  be  accomplished  in 
different  ways.  The  Bridge  system  of  working  could 
readily  be  adopted,  but  it  must  be  confessed  that  although 
such  an  arrangement  has  been  proposed  it  has  rarely  if 
ever  been  put  into  practice.  Either  this  or  the  differential 
system  may  be  worked  by  combination  or  by  opposition, 
the  former  being  the  method  adopted  by  the  Post  Office. 

The  quadruplex  systems  of  America  differ  from  our  own 
chiefly  in  the  arrangement  of  the  non-polarized  relay.  In 
every  case  the  keys  are  employed  to  complete  local  circuits 
which  work  transmitters  similar  to  those  described  in 
Chapter  XVII.  In  many  cases  a  third  coil  is  woimd  upon 
the  B  relay,  and  so  arranged  as  to  accelerate  the  reversal 
of  the  magnetism  of  the  relay. 

Faults. 

In  dealing  with  quadruplex  as  with  faults  in  other  types 
of  apparatus  it  cannot  be  too  strongly  urged  that  it  should 
always  first  be  ascertained  whether  the  defect  is  at  the 
home  end  or  not.  It  is  advisable  to  always  start  with  the 
assumption  that  an  apparatus  fault  exists  in  the  home 
apparatus. 

It  is  most  important  that  the  ratio  of  the  A  and  B 
currents  shall  be  as  one  is  to  three.  If  the  ratio  is  less 
tlian  this  amount  satisfactory  and  reliable  working  is 
difficult.  Again  the  powers  employed  at  the  two  ends 
should  be  very  approximately  equal,  but  differences  in 
this  respect  occur  only  by  accident. 

If  the  B  key  has  no  effect  upon  the  strength  of  the 
current  received  at  the  distant  end  it  is  obvious  that  the 
B  battery  is  short  circuited.  If  disconnected  the  A  marks 
received  at  the  distant  end  would  be  destroyed  and  the 
balance  upset  whenever  the  B  key  was  in  the  faulty 
position. 

A  fault  in  the  A  key  causing  it  to  send  out  only  one 
current  would  break  up  the  distant  B  marks,  but  would 
not  affect  anything  else,  as  it  is  quite  possible  that  the 
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distant  A  side  would  be  re-regulated  to  work  with  but 
one  current  without  the  cause  for  the  alteration  being 
discovered.  At  the  office  where  the  defect  exists  the 
signals  would  be  recei^'ed  perfectly  upon  both  the  A  and 
B  sides.  Such  faults  as  this,  and  the  one  preceding  it, 
should  be  discovered  when  observing  the  ratios  of  the 
received  currents  upon  the  differential  galvanometer. 

A  disconnection  in  the  line  or  compensation  coils  of  the 
relays  or  galvanometer  should  readily  be  found,  and 
everything  which  has  been  said  in  regard  to  duplex  work- 
ing applies  with  equal  force  to  the  present  case. 

A  contact  between  the  two  coils  of  the  relays  or  galvano- 
meter is  evidenced  by  impossibility  of  balancing.  If  in 
the  B  relay,  it  will  be  possible  to  balance  in  the  ordinary 
way,  but  the  B  relay  will  not  then  be  differential.  If  the 
contact  is  near  the  D  and  CZ-circle  ends  of  the  relay  it  will 
be  equivalent  to  cutting  it  out  altogether.  A  contact  at 
any  other  point  will  have  similar  results,  viz.  that  when 
the  circuit  is  balanced  by  the  galvanometer  the  keys  still 
affect  the  apparatus. 

A  short  circuit  in  the  coils  of  any  of  the  relays  or 
galvanometer  produce  a  like  result,  but  here  it  is  possible 
to  clear  the  marks  on  both  A  and  7?  relays  by  disregarding 
the  galvanometer  and  balancing  by  observing  the  effect 
upon  the  working  signals.  If  either  relay  has  a  short 
circuit  then  the  faulty  relay  is  affected  by  the  keys  when 
both  the  galvanometer  and  the  perfect  relay  are  balanced. 

Faults  in  the  local  circuits  are  self-evident,  and  the 
adjustments  have  already  been  dealt  with. 

In  observing  the  received  currents  both  the  distant  keys 
should  be  proved  in  each  position  and  the  distant  station 
should  similarly  observe  the  home  apparatus.  In  the 
majority  of  cases  the  trouble  lies  in  the  adjustment  of  the 
B  side,  and  faults  such  as  those  described  are  comparatively 
rare.  Possibly  this  accounts  for  the  difficulty  sometimes 
experienced  in  locating  them. 

Current  Required  and  Type  of  Battery  Used. 

Bichromate  batteries  are  invariably  used  upon  all  quad- 
ruplex  circuits,  and  the  current  required  is  from  10  to 
15  m.a.  upon  the  A  side  and  from  30  to  45  for  full  power. 
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The  ratio  of  at  least  three  t-o  one  should  always  he  main- 
tained. The  two  parts  of  the  battery  are  often  termed  the 
A  and  B  batteries,  but  it  has  been  seen  that  the  depression 
of  the  B  key  introduces  the  whole  power,  i.e.  both  A  and 
B  batteries. 

The  two  sounder  locals  are  each  3-cell  Bichromates,  and 
the  relaying  sounder  the  same  (formerly  two  5-cell  Large 
Daniells  in  parallel).  With  the  condenser  B  side  the  local 
battery  is  a  13-cell  Bichromate. 


LiNt 


Fio.  124.— Diplex  sending  end. 


The  Diplex. 

The  diplex  consists  of  a  quadruplex  at  one  end  of  which 
the  B  key  and  the  major  portion  of  battery  power  ordi- 
narily required  is  omitted,  and  at  the  other  the  correspond- 
ing B  relay  is  not  needed.  This  arrangement  provides  for 
the  simultaneous  transmission  of  two  messages  in  one 
direction  and  one  in  the  opposite  direction.  At  cricket 
grounds  and  other  places  where  special  arrangements  are 
frequently  made  it  often  happens  that  practically  the  whole 
of  the  work  consists  in  the  transmission  of  messages  from 
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the  special  oflSce.  Where  this  is  the  case  there  is  no 
advantage  in  providing  two  receiving  paths  at  the  special 
office,  but  one  such  path  is  essential  for  corrections  and 
acknowledgments  of  the  messages  transmitted. 

The  connections  of  the  two  ends  of  a  diplex  circuit  are 
shown  in  Figs.  124  and  125,  and  call  for  little  comment. 


LINE 


O.C  KEY 
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Fia.  125.  —Diplex  receivinj;  end. 

A  double  current  key  is  often  used  at  the  up  office  instead 
of  a  reversing  key,  and  the  send  and  receive  switch  may  be 
arranged  so  as  to  join  up  the  battery  coils  when  at  receive. 
The  advantage  gained  in  omitting  the  apparatus  not 
actually  needed  lies  in  the  greater  simplicity  and  the 
saving  of  the  extra  battery  power  which  may  have  to  be 
specially  provided  where  secondary  cell  working  is  not 
in  vogue. 

WflEATSTONE   UPON   THE  A   SiDE. 

A  Wheatstone  transmitter  may  be  added  and  a  receiver 
substituted  for  the  relay.  In  order  to  add  a  transmitter 
the    wires    upon    Z    and     G    of    the    A    key    must    be 
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removed  aud  connected  to  Z  and  C  o£  the  transmitter. 
MKZ  and  MKG  are  then  joined  to  Z  and  C  of  the  key. 
The  wire  on  the  left  of  the  two-way  switch  is  taken  to  D  of 
the  transmitter,  and  K  is  connected  to  the  lower  right 
terminal  of  the  reversing  key.  Transmitter  U  is  then 
earthed  and  the  addition  of  the  transmitter  is  completed. 
The  substitution  of  the  receiver  for  the  A  relay  is  quite 
obvious. 

It  is  stated  that  20()  words  per  minute  in  either  direc- 
tion with  the  B  key  working  can  be  obtained  from  a  quad- 
ruple! with  Wheatstone  on  the  A  side,  but  it  should  be 
realized  that  the  adjustments  to  obtain  such  a  result 
require  the  very  greatest  care  and  attention. 

Frequently  the  decrement  system  is  employed,  and  the 
B  side  is  stopped  while  Wheatstone  working  is  in  progress, 
so  providing  full  power  for  the  process. 

The  latest  arrangement  of  the  increment  quadruplex, 
described  in  Chapter  XVI,  provides  for  Wheatstone  working 
on  the  A  side. 


CHAPTER  IX 
THE   WHEATSTONE  AUTOMATIC  SYSTEM. 

General. 

rPHE  generic  term  *' automatic  system"  is  usually  em- 
X  ployed  to  denote  all  the  systems  in  which  the  signals 
are  transmitted  by  mechanical  means  as  opposed  to 
those  in  which  the  signals  are  sent  by  a  manually  operated 
key.  The  speed  at  which  most  circuits  can  be  worked  by  a 
machine  transmitter  greatly  transcends  the  speed  at  which 
even  the  most  highly  expert  Telegraphist  can  operate  a 
key.  Moreover,  the  speed  is  constantly  maintained  and  the 
marks  are  more  accurately  formed  than  would  be  possible 
with  a  key  worked  by  hand. 

The  Wheatstone  system  is  employed  by  the  Post  Office, 
and  although  many  other,  systems  have  been  proposed,  few 
have  been  practically  employed.  Certainly  none  of  them 
are  of  sufficient  present  importance  to  justify  their  inclusion 
in  the  present  volume. 

The  Wheatstone  apparatus  comprises  three  separate  and 
distinct  parts.  Firstly,  the  perforator,  which  is  employed 
to  prepare  the  tape,  or  "  slip  "  as  it  is  termed,  which  con- 
trols the  signals  sent  out.  Secondly,  the  transmitter, 
wliich  serves  to  send  out  signals  in  accordance  with  the 
perforations  of  the  slip.  Thirdly,  the  receiver  which  is  a 
very  sensitive  form  of  polarized  direct  w^riter. 

In  addition  to  the  above  essentially  Wheatstone  instru- 
ments a  galvanometer,  sounder,  line  and  local  batteries  are, 
of  course,  required. 

The  Perfohatok. 

The  perforator  (Fig.  120),  which  is  purely  mechanical  in 
its  action,  consists  of  five  steel  punches  operated  in  suitable 
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combinations  by  the  three  keys,  the  slip  being  automatically 
moved  forward  to  the  required  extent  immediately  the  key 
is  released.  The  slip  is  from  '40  to  '48  inch  wide,  from  4 
to  4 1  mils  in  thickness,  and  is  treated  with  olive  oil  in 
order  to  ensure  cleanly  perforated  holes. 

Operation  of  the  Punches. 
The  five  punches  occupy  the  relative  positions  shown  in 


Fio.  120. —Perforator. 


Fig.  127,  and  have  been  marked  1  to  5.  Punches  2  and  4 
are  of  smaller  size  than  the  other  three  and  serve  to  form 
the  central  guiding  holes.  The  middle  key  operates  punch 
2  only.  This  punch  is  attached  to  a  small  plate,  and  the 
extension  of  the  middle  key,  upon  depression,  strikes  the 
pin  b,  so  forcing  the  punch  through  the  slip  tlius  perforat- 
ing a  centre  hole  as  shown  under  7?i  (Fig.  128).  The 
left  or  dot  key  depresses  punches  1,  2,  and  3,  and  perfor- 
ates as  at  i?2.     The  right  key  operates  punch  1  by  means 
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of  the  extension  plate  and  pin  n,  4  and  5  directly,  whilst  2 
is  operated  from  4.  Punch  2  can  be  operated  independ- 
ently of  4,  but  when  4  is  struck  2  moves  with  it.  The 
perforations  resulting  from  depression  of  the  dash  key  are 
shown  at  fig. 

Paper-Feeding  Device. 

The  device  for  feeding  the  paper  forward  either  one  or 
two  spaces  as  required  may  be  seen  in  Fig.  129.  The 
lever  Ky  which  has  its  axis  upon  the  right,  fits  into  notches 
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Fia.  127.— Arrangement  of  punches.        Fio.  128.— PerforationB  for 

RpBce,  dot  and  dash. 

cut  in  the  underside  of  the  levers  2?i,  iZg  and  B3,  and  is 
articulated  with  the  crank  P  at  e.  Near  the  end  of  P  is 
fixed  a  double-toothed  pawl  B  engaging  with  the  star 
wheel  iS.  The  drum-shaped  wheel  W  is  carried  upon  a 
light  spring  and  holds  the  pawl  in  its  normal  position. 
The  levers  K  and  P  are  normally  held  in  the  positions 
shown  in  the  figure  by  the  action  of  the  powerful  spring  B, 
the  tension  upon  which  may  be  adjusted  by  the  screws  C 
and  D. 

When  the  centre  key  is  depressed  punch  2,  actuated  by 
Bj,  passes  through  the  slip  and  the  levers  P  and  K  move 
forward  (downward  in  the  figure),  thus  carrying  the  click 
B  to  the  left. 

Immediately  the  key  is  released  the  spring  J5  returns  the 
le^-ers  to  their  normal  positions  and  the  click  engages  a 
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tooth  of  the  star  wheel,  thus  moving  it  forw^ard  and  bring- 
ing the  paper  into  position  for  the  next  perforation.  A 
similar  result  occurs  when  the  left  key  is  depressed,  and 
the  paper  is  again  moved  forward  by  the  requisite  amount. 
The  distance  to  which  the  front  end  of  the  lever  P  can  be 
moved  to  the  left  is  limited  by  the  stop  L,  but  when  the 
right  key  is  depressed  this  stop  is  raised  and  P  moves  further 
to  the  left  to  Af ,  with  the  result  that  the  star  wheel  is  moved 
round  two  teeth,  as  is  obviouslv  necessary.     The  lever  L 


Fio.  129.— Pftrt  of  perforator  meclianUm. 

curves  over  the  pawl  and  is  pivoted  upon  the  right.  It  is 
directly  connected  beyond  the  pivot  to  the  lower  side  of  the 
"  dash  "  lever  beneath  the  perforator  base. 

A  consideration  of  Fig.  130,  showing  a  vertical  section 
through  punches  1,  2  and  3,  taken  in  conjunction  with 
Figs.  127  and  128,  will  render  the  arrangement  of  the 
punches  quite  evident.  The  two  spiral  springs  serve  to 
return  the  punches  (shown  depressed)  to  their  normal 
positions  immediately  the  key  is  released.  The  ends  of 
^1,  i?2  and  /?3  are  of  sufficient  depth  to  operate  the 
thi-ee  rows  of  punches. 
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The  fitar  wheel  S  is  oairied  by  the  lever  H  which  serves 
to  withdraw  it  when  inserting  the  slip  between  the  plates. 
The  centre  key  is  struck  and  the  slip  pulled  gently  forward 
until  the  star  wheel  engages  with  the  centre  holes. 

Punches. 

The  solid  punches  formerly  employed  required  frequent 
sharpening  in  consequence  of  their  edges  wearing  away  by 
the  action  of  the  oiled  paper  perforated.  This  was  principally 
due  to  the  fact  that  at  each  blow  of  the  punch,  a  film  of 
dried  oil  was  deposited  by  the  paper  upon  the  surface  of  the 
punch  which  soon  built  up  into  convex  form,  the  conse- 
quence being  that  the  paper  was  bent  over  the  punch  before 
being  perforated,  and  quickly  wore  away  the  cutting  edge 
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Fio.  180.— Perforttor  punches. 

of  the  punch.     Moreover,  the  perforations  being  bent  by 
this  process,  were  sluggish  in  leaving  the  plates. 

The  new  form  of  punch  designed  by  J.  W.  Willmot  has 
a  hollow  recess  at  its  end,  and  therefore  has  no  centre  on 
which  a  deposit  of  oil  can  take  place.  As  the  annular 
surface  of  the  punch  remains  flat  a  clean  perforation  is 
always  made.  It  has  a  further  advantage,  i,e.  that  in 
coming  into  contact  with  the  paper  to  be  perforated  a 
small  amount  of  air  is  compressed  in  the  recesses  of  the 
punches,  which,  after  the  ^perforation  has  been  made,  tends 
to  blow  away  the  punched-out  portions  of  the  paper,  and 
also  to  prevent  any  oil  or  foreign  matter  accumulating  in 
the  recesses  of  the  punches.  The  holes  in  the  front  plate 
through  which  the   perforations  are  expelled   have  been 
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chamfered,  thus  facilitating  that  process.  When  the 
punches  require  sharpening,  the  hollow  or  recessed 
punches  are  more  easily  ground,  and  a  flatter  surface 
obtained  than  is  possible  with  solid  punches,  because 
firstly,  having  no  centre  there  is  less  metal  to  grind  ^way, 
and  secondly,  for  the  same  reason  they  lie  flatter  upon 
the  cutting  surface  of  the  oil-stone  used  for  sharpening 
them. 


Fio.  131.— Appearance  of  a  pneumatic  perforator. 

Auxiliary  Appliances. 

The  perforator  is  mounted  upon  a  wooden  stand  provided 
with  a  drawer  for  receiving  the  perforations.  Behind  this 
is  placed  the  box  containing  the  roll  of  slip,  and  the  second 
lid  is  raised  to  form  a  stand  for  the  message  or  manuscript 
to  be  punched. 

The  keys  of  the  perforator  are  operated  with  iron  pxmch- 
ing  handles,  the  ends  of  which  are  recessed  to  receive  the 
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striking  cushions  of  solid  rubber.  Two  slips  may  be 
simultaneously  perforated,  and  therefore  double  wound 
rolls  of  paper  are  also  provided. 

Perforator  Adjustment. 

The  adjustment  of  the  perforator  is  a  matter  of  con- 
siderable importance,  and  the  bent  lever  A,  with  its  adjust- 


FiG.  1S2.— l^eamatic  perforator  valve  and  piston. 

screws  Tj  and  Tg  is  provided  for  this  purpose.  The  lower 
extremity  limits  the  distance  at  which  the  click  engages  the 
star  wheel,  and  therefore  the  distance  through  which  it  is 
turned.  The  standard  is  121  central  perforations  per  foot, 
the  distance  being  measured  from  the  centre  of  the  first 
to  the  centre  of  the  121st  perforation.  If  the  word  "  tele- 
graphs "  is  punched   three  times  with  the  double  spaces 
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between  the  words  the  requisite  number  (121)  is  obtained 
between  the  first  and  last  holes. 

Pneumatic  Pebfokatoiis. 

In  certain  very  large  offices  pneumatic  perforators  are 
employed.  In  this  way  from  one  to  eight  slips  can  be 
simultaneously  prepared.  Four  rolls  of  paper,  one  treble, 
one  single  and  two  double  wound  are  provided,  as  indicated 
in  Fig.  131.     The  two  perforators  are  actuated  by  the  three 


Fin.  13S.— Wheatatone  transmitter. 


keys  which  are  to  be  seen  in  the  forefront  of  the  figure. 
These  keys  operate  valves  (Fig.  132)  which  admit  the  com- 
pressed air,  obtained  from  the  pneumatic  tube  plant,  into 
the  piston  chaml)ers.  Each  perforator  has  an  independent 
supply  of  air,  and  either  or  both  may  be  worked  at  will. 
The  sizes  of  the  pistons  are  of  course  dimensioned  so  that 
the  dot  and  dash  keys  which  operate  respectively  three  and 
four  punches  receive  a  heavier  blow  than  the  space  key 
which  operates  but  one  punch. 
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TRANSMITTER. 

The  Divided  Lever. 

The  transmitter  (Fig.  133)  consists  of  a  special  form  of 
double  current  key,  the  movements  of  which  are  determined 
by  the  positions  of  the  larger  holes  in  the  perforated  slip. 
This  key  consists  of  a  divided  lever  playing  between  four 
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Fia.  184.— Divided  lever  in  npacing  poRl- 
tioD,  and  the  corrai[»0nding  connectionB 
of  a  doable  cnrrent  key. 


FiQ.  135.— Divided  lever  in  marking  posi- 
tion, And  the  corresponding  connections 
of  a  donble  current  key. 


contact  points,  and  may  conventionally  be  represented  as  in 
Figs.  134  and  135.  The  upper  and  lower  halves  of  the 
lever  are  mechanically  connected  but  are  electrically  sepa- 
rate, t.  6.  insulated  from  each  other.  The  two  positions  of 
the  lever  are  shown  side  by  side  with  the  corresponding 
positions  of  a  double  current  key  below  them.  The  upper 
half  of  the  lever  is  connected  to  the  up  line  and  the  lower 
half  the  down  line,  and  the  battery  contacts  have  been 
marked  to  show  the  connections  which  result  when  the  lever 
rests  against  them.  It  will  be  seen  that  the  deflection  of  the 
lever  (top)  to  the  left  makes  the  same  connections  as  a  double 
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current  key  at  rest  but  with  its  switch  to  send.  The  actual 
arrangement  of  the  divided  lever  is  shown  upon  the  right 
in  Fig.  130.  The  battery  contacts  correspond  strictly  with 
the  positions  shown  in  the  previous  figure,  and  the  upper 
and  lower  halves  of  the  lever  are  distinctively  marked. 
The  upper  part  terminating  under  J  is  merely  mechanical 
in  function. 

It  now  remains  to  explain  the  mechanism  by  which  the 
perforated  slip  controls  the  position  of  the  divided  lever. 

Motive  Power. 

The  mechanical  power  required  to  drive  the  transmitter 
mechanism  is  furnished  by  the  gradual  descent  of  a  hea\y 
weight  acting  through  a  train  of  wheels.  A  key  for  period- 
ically raising  the  weight  and  a  governor  operated  through 
a  variable  speed  gear  form  part  of  the  arrangement.  The 
descent  of  the  weight  causes  the  rocking  beam  to  move  up 
and  down  at  a  speed  which  conforms  with  the  rate  at  which 
the  star  wheel  moves  the  perforated  slip  through  the  in- 
strument. These  two  allied  movements  are  made  by  suitable 
gearing.  The  rocking  beam  is  furnished  with  two  pins 
P  and  Pj  (Fig.  136)  which  project  horizontally  and  oscillate 
with  it.  The  movement  of  the  beam  is  effected  by  a  hori- 
zontally projecting  pin  placed  near  the  edge  of  the  revolving 
wheel  and  connected  by  a  lever  to  one  end  of  the  rocking 
beam.  The  revolution  of  this  driving  wheel  causes  the 
beam  to  rock  up  and  down  upon  its  central  pivot. 

Arrangement  of  the  Reciprocating  Rons  and  Divided 
Lever. 

The  two  pivoted  cranks  A  and  Ai  are  held  against  the  lower 
side  of  P  and  P^  by  the  two  spiral  springs  connected  at  right 
angles  to  the  lower  extensions  of  A  and  Aj.  Rising  from 
the  ends  of  the  two  cranks  are  the  pivoted  rods  S  and  M, 
The  rod  S  is  directly  in  front  of  M,  but  their  positions  have 
been  modified  in  the  figure  in  order  that  both  might  be 
distinctly  shown.  The  play  of  the  rods  in  a  direction  to 
the  right  is  limited  by  two  adjustable  screws  against  which 
they  are  normally  held  by  the  two  spiral  springs  fixed  to 
them  and  to  the  pin  on  the  right.  The  rods  pass  through 
two  slots  in  the  brass  case  (shown  in  Fig.  133)  of  sufficient 
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width  to  readily  admit  them,  but  without  pennitting  any 
considerable  movement  in  a  direction  transverse  to  the 
motion  of  the  slip  past  them.  Between  the  rods  is  placed 
the  star  wheel,  the  projections  of  which  pass  through  the 
central  holes  of  the  perforated  slip,  so  guiding  and  pro- 
pelling it.  Above  the  star  wheel  is  placed  a  wheel  rather 
broader  than  the  slip  and  with  grooves  which  engage  the 
projections  of  the  star  wheel  as  they  pass  through  the  slip. 
This  wheel  is  furnished  with  a  handle,  so  that  the  slip  may 
readily  be  removed  without  having  to  wait  until  the  whole 
length  has  passed  through  the  transmitter. 


PCRFOtATCO  SLIP 
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Fig.  13«.— Principle  of  WbeaUtone  intisuiitter. 

With  no  slip  in  the  transmitter  the  rods  S  and  U  follow 
the  motions  of  the  rocking  beam,  and  so  alternately  rise 
and  fall  with  it.  The  lower  end  of  the  left  crank  moves  to 
the  right  when  the  rod  S  rises,  and  this  pushes  the  divided 
lever  over  to  the  right  by  means  of  the  rod  and  boss  K, 
The  rising  of  the  back  rod  M  similarly  causes  K^  to  move 
the  divided  lever  to  the  right.  Examining  the  last  two 
sentences  with  the  aid  of  Figs.  134  and  135  will  show  that 
a  spacing  current  is  sent  out  when  the  front  rod  S  rises, 
whilst  a  marking  current  results  from  the  rising  of  M .  The 
effect  of  running  the  transmitter  without  slip  is  to  send  out 
an  unbroken  series  of  reversals  which  register  dots  upon 
the  distant  polarized  receiving  instrument. 

If,  after  the  marking  rod  has  risen,  the  spacing  rod  is 
stopped  at  the  level  of  the  paper,  the  marking  current  will 
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be  continued  until  the  spacing  rod  is  able  to  rise.  The 
marking  rod  in  rising  moves  the  divided  lever  over  to  the 
right  (upper  part  to  the  right,  lower  to  the  left),  and  it  is 
held  firmly  against  the  contacts  by  the  jockey  wheel  J. 
The  lever  never  permanently  occupies  the  central  position 
shown  in  Fig.  136,  but  this  method  of  drawing  shows  clearly 
the  correct  relative  ix)sitions  of  the  jockey  wheel  and  the 
upper  extension  of  the  divided  lever.  This  extension  is 
mechanical  and  is  electrically  separate  from  the  upper  half 
(up  line  terminal)  of  the  lever.  It  will  be  seen  that  imme- 
diately the  lever  moves  to  either  side  of  the  centre  of  the 
jockey  wheel  the  spring  which  carries  the  wheel  insures 
that  the  contacts  shall  be  firmly  made  and  maintained. 

Action  of  Transmitter  in  Signalling  a  Word. 

A  sketch  of  the  perforated  slip  required  to  transmit  the 
word  "  and  "  is  shown  in  Fig.  137.  The  upper  holes  pass 
the  rod  J/,  and  the  lower  ones  pass  S.  When  in  the 
transmitter  the  lower  holes  are  to  the  front  of  the  trans- 
mitter, and  the  slip  moves  past  the  rods  from  right  to  left. 
The  exact  process  by  which  the  punched  holes  in  the  slip 
control  the  positions  of  the  lever  may  now  be  very  readily 
traced.  Let  the  perforated  slip  depicted  in  Fig.  137  be 
passed  through  the  transmitter,  and  let  it  be  assumed  that 
prior  to  this  the  S  rod  last  rose  above  the  level  of  the  paper. 
This  being  so,  the  lever  was  pushed  over  to  the  left  (lower 
portion  to  the  right),  and  is  held  there  by  the  jockey  wheel 
and  spring.  The  central  holes  of  the  slip  engage  the  star 
wheel,  and  the  slip  is  drawn  forward.  The  marking  rod 
rises  with  the  upward  movement  of  P^  (Fig.  136),  but 
meets  the  full  paper  which  prevents  it  rising  sufficiently  to 
cause  K^  to  touch  and  push  over  the  divided  lever.  The 
spacing  current  therefore  continues.  The  spacing  rod  next 
rises  when  P  moves  upwards,  but,  meeting  the  full  paper,  it 
does  not  cause  K  to  touch  the  lever.  The  rod  M  on  rising 
again  is  still  met  by  the  paper,  and  is  therefore  unable  to 
stop  the  spacing  current  which  still  continues.  The  spacing 
rod  next  rises,  but  is  met  by  the  paper.  The  first  holes  are 
now  opposite  the  rods,  and  when  the  marking  ix)d  rises  it 
passes  through  the  hole  and  reverses  the  position  of  the 
divided  lever,  thus  sending  out  a  marking  current.     The 
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spacing  rod  upon  rising  passes  through  the  hole  opposite 
that  through  which  the  marking  rod  has  just  passed.  This 
returns  the  lever  to  the  spacing  side,  and  ends  the  mark 
by  restoring  the  spacing  current  Where  the  two  rods 
successively  pass  through  two  holes  directly  opposite  each 
other  the  shortest  marking  current,  a  dot,  is  transmitted. 
The  marking  rod  now  rises  through  the  hole  opposite  5, 
and  a  marking  current  again  results.  The  spacing  rod, 
however,  is  met  by  the  full  paper,  and  is  therefore  unable 
to  reverse  the  lever,  with  the  result  that  the  jockey  wheel 
still  holds  the  lever  to  the  marking  side.  The  marking  rod 
next  rises  opposite  G,  but  meeting  the  full  paper  leaves 
matters  in  statu  quo.  The  spacing  rod  now  meets  a  hole, 
and  upon  rising  through  it,  withdraws  the  mark  by  reversing 
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Pio.  137.— Perforated  slip  ftud  correspondliig  received  iiinrk8. 

the  lever.  At  7  the  marking  rod  is  unable  to  fully  rise, 
and  the  space  continues  until  it  again  rises  at  8.  The 
mark  then  commenced  is  not  ended  until  the  spacing  rod 
has  risen  for  the  second  time  when  it  passes  through  the 
hole  and  ends  the  dash  at  9.  At  10  a  dot  is  transmitted, 
and  the  spacing  current  again  continues  until  12  is  reached, 
when  the  dash  in  "  d  "  is  transmitted,  followed  by  the  two 
dots.     The  last  current  is  of  course  spacing. 

In  commencing  the  detailed  explanation  of  the  trans- 
mission of  the  word  "  and  "  it  was  assumed  for  convenience 
that  the  divided  lever  was  on  the  spacing  side.  This 
assumption  is  not  warranted,  since  it  may  readily  happen 
that  in  putting  in  the  slip  A/  was  the  last  rod  to  rise  above 
the  level  of  the  paper.  The  effect  woidd  be  that  a  con- 
tinuous mark  would  be  registered  until  the  spacing  rod 
rose  at  4.  In  perforating  a  slip  for  transmission  a  few  A's 
are  usually  punched  before  the  actual  message,  in  order  that 
the  first  signal  of  the  message  may  be  clearly  received  and 
may  not  be  merged  into  a  continuous  mark. 
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Summary  of  Action  of  Transmitter. 

The  results  of  the  previous  investigations  into  the  action 
of  the  transmitter  may  now  be  summarized — 

1.  The  back  rod  and  back  holes  control  the  marking, 
and  the  front  rod  and  front  holes  the  spacing  currents. 

2.  The  last  rod  to  rise  above  the  level  of  the  paper 
produces  an  effect  (spacing  or  marking)  which  is  continued 
until  the  other  rod  rises  above  the  level  of  the  paper. 

Magnetio  Bias  Transmitter. 

In  the  latest  pattern  of  transmitter  the  jockey  wheel  has 
been  replaced  by  a  magnetic  bias. 
The  arrangement  is  depicted  in 
Fig.  138,  where  it  will  be  seen 
that  the  upper  part  of  the  lever 
plays  between  the  polepieces  of  a 
powerful  horeeshoe  magnet.  The 
device  is  so  entirely  similar  in 
action  to  a  relay  which  has  been 
adjusted  to  neutrality  that  detailed 
description  is  scarcely  necessary. 
Suffice  it  to  say  that  when  deflected 
to  either  side  the  extension  of  the 
divided  lever  is  nearer  to  the  pole- 
piece  against  which  it  deflects,  and 
that  magnetic  attraction  serves  to 
maintain  the  contacts  made  by  the 
movement  of  the  lever.  The  ad- 
vantages gained  are  (1)  the  entire 
elimination  of  the  heavy  downward 
pressure  due  to  the  use  of  the 
jockey  wheel  and  spring,  (2)  the  lever  is  held  over  more 
firmly,  (3)  it  requires  a  smaller  relative  movement  between 
the  magnet  and  the  divided  lever  than  was  necessary  with 
the  jockey  wheel,  and  (4)  it  requires  less  power  to  drive. 

Whilst  effecting  this  change  an  opportunity  was  taken 
to  substitute  pivoted  crossheads  for  the  holes  and  pins  of 
the  horizontal  levers,  and  also  to  make  their  adjustments 
more  easily  accessible.  These  improvements,  due  to  J. 
W.  Willmot,  have  had  a  marked  effect  in  two  directions ; 
firstly,  greater  permanency  of  adjustments ;  and  secondly, 


Fio.  138.— Magnetic  bias 
transmilter. 
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far  lesfl  wear  and  tear  of  the  moTing  parts.  The  former 
is  a  matter  of  the  utmost  importance  for  the  reason  that 
the  adjustment  of  a  transmitter  is  at  the  best  a  lengthy 
and  tedious  operation,  and  when  traffic  is  being  delayed 
by  such  a  fault  it  is  quite  hopeless  to  attempt  to  remedy 
it  on  the  spot.  In  sucn  cases  a  new  transinitter  should  be 
substituted  at  once. 

Transmitter  Bias. 

The  four  battery  contact  screws  require  most  careful  and 
accurate  adjustment  in  order  that  the  currents  sent  oilt 
by  the  transmitter  may  be  of  exactly  equal  duration.  The 
positions  of  K  and  Ki  (Fig.  136)  are,  for  the  same  reason, 
of  equal  importance.  When  once  made  re-regulation  is 
not  required  for  some  time,  but  it  is  inevitable  that  sooner 
or  later  the  relative  positions  of  the  moving  parts  will 
slightly  alter.  The  result  in  a  pronounced  case  is  that  the 
transmitter  sends  out  a  current  in  one  direction  only  when 
run  without  slip.  In  less  pronounced  cases  the  defect  is 
termed  a  marking  or  spacing  bias  according  to  whether 
the  marking  or  spacing  current  is  of  longer  duration  than 
the  other.  If  the  currents  are,  as  they  should  be,  of 
exactly  equal  duration  and  value  the  needle  of  the  galva- 
nometer \\\\l  oscillate  to  an  equal  extent  upon  either  side 
of  zero.  If  the  galvanometer  is  permanently  deflected  it  is 
evidence  that  a  bias  exists,  or  in  other  words  that  the 
marking  and  spacing  currents  are  of  unequal  length. 
Therefore,  to  prove  a  transmitter  it  should  be  run  very 
slowly  without  slip,  and  the  value  of  the  deflections  upon 
the  galvanometer  in  both  directions  should  be  quite  equal. 
The  speed  should  then  be  increased,  when  the  galvanometer 
should  stand  at  zero,  or  rather  should  oscillate  to  an 
extremely  small  extent  about  zero. 

Arrangement  for  Regulating  the  Speed  of  the 
Transmitter. 

It  is  essential  that  the  speed  of  the  transmitter  should 
be  capable  of  wide  variation  in  order  that  the  same  instru- 
ment may  be  used  upon  all  Wheatstone  circuits,  and  also 
to  meet  the  case  where  a  reduction  in  speed  is  necessitated 
by  slight  defects  upon  the  circuit.     This  is  effected  by  the 
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governor  and  the  variable  speed  gear  shown  in  Fig.  139. 
The  smaller  german  silver  disc  V  serves  to  transmit 
the  motion  of  the  steel   driving  disc  G  to  the  steel  fan 


Pio.  189.— Arrangement  of  speed  jjear  and  fouH— Lever  at  "Slow." 

disc  N.     Now  the  position  of  V  between   O  and  N  may 
be  altered  by  means  of  the  speed  lever.     In  Fig.  139  the 


Fig.  140. —Lever  at  "  Fast." 


fan  disc  N  revolves  much  faster  than  the  driving  disc,  and 
therefore  a  comparatively  slow  motion  of  O  produces  a 
relatively  fast  motion  of  N.  When  the  disc  V  is  moved 
to  the  position  shown   in   Fig.   140,  the   conditions  are 
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reversed  and  a  fast  motion  of  the  driving  disc  prodnces  a 
relatively  slow  motion  of  the  fan  disc. 

The  two  fans  are  mounted  upon  toothed  wheels  engaging 
with  the  wheel  upon  the  axle  of  the  fan.    Normally  the  fans 
are  held  in  the  position  shown  in  Fig.  141 
by  the  action  of  the  spring  which  is  clearly 
visible  in  Figs.  139  and  140.    Immediately 
the  fan  disc  begins  to  move  the  fans  fly 
outwards   (see   Fig.    139)  by  centrifugal 
force,  and  offer  a  resistance  to  passage  pio.  m.-Fana  closed, 
through  the  air  which  becomes  greater  and 
greater  as  the  area  of  the  circle  described  by  the  outer  edge 
of  the  fans  increases.     It  will  therefore  be  seen  that  when 
the  connecting  disc  V  is  in  the  position  shoT^Ti  in  Fig. 
140,  the  speed  of  the  transmitter  is  least  on  account  of  the 
energy  taken  to  drive  the  fan.     In  the  previous  figure  the 
conditions  are  reversed,  and  the  energy  taken  up  by  the 
fan  is  correspondingly  less  since  a  fast  motion  of  G  pro- 
duces a  relatively  slow  motion  of  N, 

Since  the  friction  between  the  three  discs  is  relied  upon 
to  transmit  the  motion  of  the  driving  system  to  the  fan 
governor  it  is  essential  that  the  discs  should  be  firmly 
pressed  together,  that  the  surfaces  which  are  brought  into 
contact  should  be  perfectly  smooth,  and,  lastly,  that  the 
discs  should  be  absolutely  clean.  The  spring  8  acting 
on  the  axle  of  the  fan  holds  the  fan  disc  in  firm  contact 
with  the  movable  disc.  A  jewelled  bearing  is  employed, 
as  the  wear  upon  the  pivot  would  otherwise  be  very  great. 

Action  of  Fan  in  Maintaining  Uniformity  of  Speed. 

The  fan  governor  also  performs  another  important 
function  in  eliminating  all  minor  fluctuations  of  speed. 
If,  whilst  the  instrument  is  running,  there  suddenly  occurs 
a  tendency  towards  reduced  speed  the  fans  move  inwards 
a  little,  thus  taking  less  energy  to  drive  them,  and  so 
reducing  the  effect.  In  similar  fashion  the  governor 
opposes  any  sudden  increase  of  speed. 

Stopping  and  Starting  Lever. 

A  lever  is  provided  to  stop  and  start  the  transmitter. 
This  lever  when  in   its   left-hand    position   (transmitter 
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stopped)  engages  with  a  projection  upon  the  axle  of  the 
fans.  When  turned  to  the  right  the  fan  axle  is  released 
and  the  instrument  at  once  starts.  In  addition,  the  lever 
actuates  a  switch  placed  upon  the  under-side  of  the  instru- 
ment. This  switch  is  described  and  explained  upon  page 
820,  under  the  heading  of  "transmitter  switch." 

"Bolting"  of  Transmitter. 

If,  by  any  chance,  a  little  grease  or  oil  should  get  on 
the  discs  or  should  the  spring  l)econie  weak  the  trans- 
mitter will  "  bolt."  The  whole  of  the  mechanism  which 
is  driven  by  the  weight  is  released  from  the  control  of  the 
governor,  the  speed  becomes  abnormally  great,  and  the 
weight  rapidly  descends.  This  descent  is  in  fact  so  rapid 
that  injury  would  result  if  the  foot  were  caught  by  the 
falling  weight,  and  therefore  an  iron  guard  is  always 
placed  round  the  weight  in  such  a  way  as  to  prevent  the 
feet  from  being  placed  beneath  the  weight. 

^       Speed  of  Slip. 

The  speed  at  which  the  slip  passes  through  the  trans- 
mitter should  range  from  not  more  than  7  to  not  leaa  than 
80  feet  (400  words)  per  minute.  The  speed  of  working 
may  be  obtained  by  dividing  30<X)  by  the  time  in  seconds 
occupied  in  passing  10  feet  of  perforated  slip  through  the 
instrument.  As  the  base  of  the  receiver  is  exactly  12 
inches  long  it  may  be  used  as  a  measure. 


THE  RECEIVER. 

The  receiver  is  a  polarized  direct  writer  of  somewhat 
special  construction.  Its  electrical  and  magnetic  parts  are 
almost  identical  with  those  of  the  standard  relay.  Between 
its  two  electromagnets  are  placed  two  soft  iron  armatures 
rendered  magnetic  by  induction  from  a  powerful  horseshoe 
magnet  placed  behind  them.  There  is,  however,  the  differ- 
ence that  the  spacing  screw  moves  the  electromagnets  bodily 
to  right  or  left  according  to  the  direction  in  which  the  screw 
is  turned.  In  a  relay  the  contact  points  are  mounted  upon 
a  movable  platform,  whilst  in  the  receiver  they  are  fixed. 
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Since  there  is  no  necessity  to  limit  the  space  taken  up  by 
this  magnet  it  is  not  curved  round  the  coils.  The  upper  end 
of  the  axle  carrying  the  armatures  bears  an  arm  through 
which  passes  the  revolving  ink  wheel  axle  (Fig.  142).  The 
movements  of  the  armatures  produce  a  lateral  movement  of 
the  ink  wheel,  so  bringing  it  into  contact  with  the  slip  and 
thus  making  a  mark.  The  standard  breadth  of  the  marks 
is  IG  mils. 


Fiu.  1 42 .~ Principle  of  WheaUtoue  receiver. 


Inking  Arrangements. 

The  armatures  nonnally  rest  upon  the  right  side,  and  a 
current  in  the  direction  U  to  D  causes  them  to  be  deflected 
to  the  left.  The  small  inking  wheel  (Fig.  142)  revolves 
in  a  direction  opposite  to  that  in  which  the  slip  (3 J  niils 
thick)  is  carried  past  it,  and  it  is  kept  inked  by  the  larger 
feeding  wheel  which  dips  into  the  ink  well.     This  wheel 


310 


TELEGRAPHY 


revolves  in  the  opposite  direction  to  the  inking  wheel,  and 
is  normally  all  but  touching  it.  The  object  of  the  device 
is  to  prevent  large  quantities  of  ink  being  thrown  on  to  the 
paper  when  the  speed  is  varied,  and  the  use  of  the  inter- 
mediary wheel  insures  that  the  inking  wheel  shall  always 
be  sufficiently  inked,  but  at  the  highest  speed  shall  not  be 
inked  to  such  an  extent  as  to  cause  the  marks  to  be 
indistinct.  In  fact  so  well  does  the  arrangement  fulfil  its 
function  that  there  is  no  practical  difference  in  the  marks 
between  slow  and  full  speed. 


Fig.  143.— View  of  a  WlieaUtone  receiver. 

Motive  Poweu. 

As  in  the  case  of  the  transmitter  the  power  is  supplied 
by  a  weight  geared  to  a  train  of  wheels.  The  speed  is 
adjustable  by  means  of  the  lover  at  the  back  which  alters 
the  position  of  the  german  silver  driving  disc  upon  the  fan 
disc  in  a  similar  manner  to  that  described  in  the  case  of 
the  transmitter.  Tlie  speed  of  the  star  wheel  in  a  Wheat- 
stone  transmitter  is  much  higher  than  that  of  the  paper 
roller  in  the  receiver,  and  therefore  the  variable  speed  gear 
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ia  the  latter  ease  is  of  a  somewhat  simpler  form.  The 
german  silver  disc  is  carried  upon  an  axle  which  is  directly 
geared  to  the  driving  axle  by  means  of  toothed  wheels,  and 
there  is  thus  only  one  connection  produced  by  friction. 
The  governor  used  to  regulate  the  speed  and  the  starting 
and  stopping  device  are  also  similar  to  those  used  in  the 
transmitter. 

The  descent  of  the  weight  causes  the  slip  roller  and  the 
inking  and  feeding  discs  to  revolve.  Above  the  slip  roller 
is  placed  a  second  roller  which  may  be  raised  by  moving 
the  small  front  lever  at  the  top  of  the  instrument  to  the 
right.  This  facilitates  the  removal  of  the  paper  dust 
which  accumulates  round  these  parts  of  the  receiver.  The 
general  appearance  of  a  Wheatstone  receiver  is  shown  in 
Fig.  143. 

Double  Sup  Drawer  and  Bell. 

Receivers  are  frequently  furnished  with  two  slip  drawers 
so  that  the  slip  from  the  second  drawer  may  be  rapidly 
brought  into  use  in  the  event  of  that  in  the  first  drawer 
running  out.  This  can  be  done  so  rapidly  that  the  interval 
between  the  insertion  of  two  consecutive  punched  slips  is 
ample  for  the  purpose.  It  is  also  now  the  custom  to  redden 
a  length  of  the  slip  near  the  end  of  the  roU  so  as  to  give 
timely  warning  of  its  coming  exhaustion. 

A  short  chain  is  attached  to  the  weight  in  such  a  way 
that  when  the  weight  is  nearly  run  down  a  bell  is  rung, 
thus  warning  the  key  clerk  that  it  should  be  re-woxmd. 

Motor  and  Train. 

The  receiver  consists  of  two  separate  parts,  the  motor  and 
the  train.  The  former  comprises  the  slip  drawers  and,  as 
its  name  implies,  the  weight  and  winding  and  driving  axles. 
By  means  of  a  catch  at  the  back,  the  driving  axle,  which  is 
furnished  with  a  ratchet  wheel,  can  be  held  by  moving  over 
the  pawl  seen  to  the  right  of  the  front  chain  wheel.  The 
train  can  then  readily  be  removed  from  the  motor  and 
another  substituted.  This  is  obviously  a  much  more 
expeditious  process  than  removing  the  instniment  as  a 
whole. 
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Fir..  144.— Connections  of  receiver. 


Winding  of  Coils. 
The  windings  of  the  coils  and  their  terminals  are  shown 
in  Fig.  144.     The  use  of  a  single  winding  of  correspond- 

ingly  thicker  wire,  instead 

of  the  two  windings  placed 
in  parallel,  would  give  a 
slightly  better  figure  of 
merit.  Upon  the  other 
hand  the  arrangement  de- 
scribed no  doubt  facilitates 
differential  adjustment. 

Adjustment. 

The  lower  armature  is 
furnished  with  a  platinum- 
tipped  extension  for  completing  the  load  circuit  of  the 
sounder.  The  adjustment  of  the  instrument  is  fortunately 
quite  simple,  but  it  must  be  remembered  that  two  conditions 
have  to  be  fulfilled,  viz.  that  both  the  printing  and  the 
sounder  marks  should  be  correctly  received.  By  improper 
adjustment  it  frequently  happens  that  only  one  of  these 
conditions  is  fulfilled.  The  inking  discs  should  be  kept 
clean,  since  more  play  is  required  and  a  slower  speed 
of  working  otherwise  results.  The  best  method  of 
adjustment  is  as  follows: — 

Place  the  spacing  screw  in  its  central  position. 

Adjust  the  left  contact  screw  until,  when  the  tongue 
is  put  over  to  the  left,  a  broken  line  of  dots  appears  upon 
the  slip,  continue  this  until  the  point  is  reached  where  a 
full  line  is  just  obtained,  and  give  a  further  slight  turn  to 
the  screw  in  order  to  provide  a  margin. 

3.  Close  up  tlie  right  oontact  screw  until  the  continuous 
line  is  just  cleared  when  the  tongue  is  moved  to  the  right. 
Then  give  a  further  slight  turn  to  the  screw  to  provide  a 
margin. 

The  final  adjustment  to  tlie  instnmient  may  bo  made  by 
the  spacing  screw  from  observation  of  signals  transmitted 
at  the  full  s|3eed.  The  adoption  of  this  systematic  method 
will  be  found  to  residt  in  better  working  and  greater 
permanency  of  the  adjustment  when  once  made. 


1. 
o 
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SpttiNQ  Receivers,  Speed  of  Slip,  and  Figures  of  Merit. 

The  earlier  forms  of  Wheatstone  receiver  were  worked  by 
a  Bpring  instead  of  a  weight,  and  many  of  these  instru- 
ments are  in  use  at  the  present  time  upon  less  important 
circuits.  They  may  be  used  in  any  case  where  the 
maximum  speed  required  does  not  greatly  exceed  200 
words  "per  minute.  The  speed  of  the  slip  when  the  lever 
is  in  the  position  for  slowest  speed  should  not  be  more 
than  8  feet  per  second,  and  at  highest  speed  not  less  than 
36  feet  a  second.  The  speeds  of  the  slip  with  a  weight- 
driven  receiver  should  range  from  not  more  than  8  to  not 
less  than  60  feet  per  second.  The  resistances  of  the  coils 
are  in  each  case  the  same,  viz.  lOO"  each,  i  e.  200"  in  series 
and  50~  in  parallel.  The  figures  of  merit  are  also  the  same, 
10  m.a.  witii  the  coils  in  parallel  for  key  speed  working, 
and  17'5  m.a.  for  the  maximum  speed  of  each  instrument, 
but  in  this  case  a  shunted  condenser  is  employed,  and  the 
coils  are  placed  in  series. 


THE  SHUNTED  CONDENSER,   SELF-INDUCTION,  AND 
TIME-CONSTANT. 

It  is  possible  to  very  greatly  reduce  the  retarding  effect 
of  self-induction  by  the  use  of  a  resistance  and  condenser 
of  suitable  values.  The  condenser  is  placed  across  the 
terminals  of  the  resistance,  and  the  arrangement  as  a 
whole  is  usually  termed  a  "  shunted  condenser." 

Before  tracing  the  causes  of  the  action  mentioned  it  is 
desirable  that  the  effect  of  self-induction  in  delaying  the 
rise  of  the  cuiTent  should  be  carefully  examined.  Let  a 
battery,  key,  and  an  inductive  resistance  (a  resistance 
having  self-induction)  be  joined  up  in  series.  The  value 
of  the  current  given  by  applying  Ohm's  law  represents  the 
final  or  full  value,  but  at  the  instant  at  which  the  key  is 
closed  the  current  is  zero.  The  time  taken  for  the  current 
to  rise  to  its  full  value  or  to  any  given  percentage  of  its 
full  value  depends  solely  upon  the  self-inductance  and 
resistance  of  the  circuit.  It  is  therefore  quite  independent 
of  the  value  of  the  E.M.F.  or  current  used.  The  *'  time- 
constant  "  of  such  a  circuit  is  defined  as  tlie  time  in  seconds 
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taken  for  the  current  to  rise  to  '632  (roughly  f)  of  its 
maximum  value,  and  is  equal  to  the  self-inductance  (in 
henries)  divided  by  the  resistance  (in  ohms)  of  the  circuit.*^' 
Assuming  that  the  self-inductance,  say  3  henries,  is  constant, 
and  that  the  E.M.F.  and  resistance  acting  in  the  circuit 
are  respectively  12  volts  and  SOO*  the  time-constant  is 
T^js  =  006  second.  This  is  the  time  taken  for  the  current 
to  rise  to  approximately  f  of  its  full  value  i.  e.  to  f  of  Vinr 
ampere  —  16  m.a.  Had  the  E.M.F.  of  the  battery  been  24 
volts  the  current  would  have  been  32  m.a.  '006  second  after 
the  circuit  had  been  completed. 
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Fio.  145.— Use  of  tihunted  condenser  to  balance  selfMiidaction. 

It  will  be  seen  that  any  particular  value  of  current  may 
be  obtained  in  any  given  time  provided  a  large  enough 
E.M.F.  is  employed.  For  instance,  the  cuiTent  in  the 
circuit  described  would  be  16  m.a.  in  *0006  second  had 
84*2  volts  been  used,  or  in  '00006  second  with  162  volts. 


Use  of  Shunted  Condenser  to  Balance  Self-Induction. 

In  Fig.  145  an  A  relay  having  a  self-inductance  of  3^ 

*  Where  an  electromagnet  with  an  iron  cor,3  is  concerned  the  self- 
indactance  depends  upon  the  valae  of  the  current,  since  the  permeability 
of  the  iron  varies  with  different  vahies  of  magnetizing  force.  The  self- 
iuductance,  of  courie^doci'casjs  due  to  the  reduction  of  the  permeability 
as  the  magnetizing  force  increases. 
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henries  is  shown  in  series  with  a  shunted  condenser, 
battery,  and  key.  The  capacity  and  resistance  of  the 
shunted  condenser  have  been  so  arranged,  that,  when  the 
key  is  released  after  depression  the  discharge  of  the  con- 
denser balances  that  of  the  relay.  Whilst  the  key  is 
depressed  the  condenser  is  charged  by  the  difference  of 
potential  (20'')  existing  between  the  ends  of  the  1000" 
resistance.  If  now  the  key  is  released  the  condenser  dis- 
charges through  the  1000"  resistance,  but  in  parallel  with 
this  is  the  400"  relay.  The  relay,  having  self-inductance, 
would  generate  an  E.M.F.  in  the  direction  indicated  by  the 
dotted  double  arrow  tending  to  prolong  the  main  current. 
This  E.M.F.  is  exactly  balanced  by  that  existing  between 
the  ends  of  the  1000"  resistance  depicted  by  the  dotted 
single  arrows.  The  current  therefore  sinks  to  zero  at  once, 
and  prolongation  of  the  current  due  to  self-induction  is 
eliminated. 

Whenever  an  arrangement  having  self-induction  is 
balanced  by  a  shunted  condenser  as  described,  the  follow- 
ing relation  always  exists  : — 

ITie  self -inductance  in  hemnea  i8  equal  to  the  pi'odu^t  of 
the  capacity  in  farads,  and  the  square  of  the  resistance 
shunting  it,  in  ohms. 

In  the  present  case  the  self-inductance  (L)  of  the  relay 

=  •00000325  X  10002  =  3*25  henries «» 

The  shunted  condenser  not  only  secures  that  the  current 
through  the  electromagnet  shall  not  be  prolonged  but  it 
also  hastens  the  rise  of  the  current.  It  has  previously  been 
explained  that  a  condenser  connected  across  a  resistance 
acts  as  a  short  circuit  upon  that  resistance  until  charged. 
Taking  the  case  of  Fig.  145,  the  difference  of  potential 
between  the  ends  of  the  relay  (assuming  the  battery  resist- 
ance as  nothing)  is  8  volts  when  the  current  has  attained 
its  full  value  of  20  m.a.  But  at  the  instant  at  which  the 
key  is  depressed,  this  difference  of  potential  is  equal  to 
the  full  E.M.F.  of  the  battery,  viz.  28  volts.  From  the 
investigations  of   page  314   it  will  be  obvious   that  the 

*  The  value  of  the  current  used  must  also  be  stated  for  the  roaaon 
indicated  in  the  foot-note  upon  the  previous  pajice.  The  self-inductance 
of  an  A  Tolay  with  coils  iu  series  is  3|  henries  at  20  m.a. 
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current  rises  at  a  far  liigher  rate  than  it  would  if  the  con- 
denser were  disconnected  and  the  difference  of  |X)tential 
between  the  ends  of  the  relay  did  not  exceed  8  volts. 

When  the  condenser  is  fully  charged  the  whole  of  the 
current  passes  through  the  1000*  resistance.  Between  this 
condition  and  that  resulting  at  the  instant  when  the  key  is 
depressed  there  are,  of  course,  intermediate  conditions. 
The  action  of  the  condenser  can  be  made  quite  apparent  by 
imagining  that  it  is  replaced  by  a  resistance  which  inci'eases 
in  value  from  nothing  to  infinity  (disconnection)  during  the 
time  which  the  condenser  takes  to  become  fully  charged. 
From  this  it  is  obvious  that  the  difference  of  potential 
across  the  relay  falls  from  28  volts  at  the  instant  when  the 
key  is  depressed  to  8  volts  when  the  condenser  is  fully 
charged. 

Action  of  Shunted  Condenser  in  Wheatstone 
Working. 

In  high-speed  Wheatstone  working  a  shunted  condenser 
is  invariably  employed  to  enhance  the  speed  of  working. 
Upon  a  long  circuit  or  upon  one  having  considerable 
capacity  its  beneficial  effects  are  produced  by  its  action 
with  or  upon  the  static  charge  of  the  line.  The  general 
principle  of  the  action  can  readily  be  explained  but  the 
rigorous  mathematical  proof  is  quite  beyond  the  scope  of 
the  present  work.'^* 

The  shaded  triangle  in  Fig.  14G  represents  the  value 
and  distribution  of  the  charge  existing  upon  the  wire  when 
the  positive  pole  of  the  battery  is  connected  to  line.  The 
condenser  is  also  charged  in  the  direction  indicated.  At 
the  instant  when  the  battery  is  reversed  and  is  connected 
as  shown  the  conditions  illustrated  in  the  figure  obtain. 
The  condenser  discharges  into  the  line,  thus  producing  a 
current  through  the  receiver  in  the  direction  of  the  reversed 
battery  and  shown  by  the  double-arrow.  It  must  not  be 
overlooked  that  the  receiver  possesses  a  considerable 
amount  of  solf-indu(»tion  and  tliat,  at  the  moment  of 
reversal  of  the  batteiy,  the  E.M.F.  due  to  this  cause 
conies   into    play   in   sucli    a   direction   as   would,  in   the 

*  The  proof  is  given  in  an  aiticle  in  the  Electrical  Review  of  3rtl  Sep- 
tember, 1886,  by  W.  Bloon. 
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absence  of  the  shunted  condenser,  facilitate  the  passage  of 
a  portion  of  the  static  charge  upon  the  line  through  the 
receiver  coils  so  causing  prolongation  and  thereby  dimin- 
ishing the  speed  of  working  by  reason  of  the  increased 
time  taken  for  the  current  in  the  receiver  to  change  in 
direction.  Even  supposing  that  the  receiver  had  negligible 
self-inductance,  the  shunted  condenser  would  still  pioduce 
highly  beneficial  results  since  it  would  reverse  the  current 
in  tlie  receiver  immediately  the  battery  was  reversed  and 
would  prevent  the  line  from  discharging  through  the 
receiver.     Under  existing  practical  conditions  its  action  is 


Fio.  146.— Principle  of  shunted  condenser  used  upon  a  Wheatetone  circuit. 


firstly  to  prevent  the  line  discharging  through  the  receiver 
— a  tendency  which  would  be  aided  by  the  E.M.F.  of  self- 
induction — and,  having  eliminated  this,  secondly,  by  its 
continued  action  creates  a  difference  of  potential  across 
the  terminals  of  the  receiver  which  causes  the  current  to 
rapidly  rise  to  its  full  value  in  the  reverse  direction — 
in  fact  this  happens  before  the  positive  charge  upon  the 
line  has  been  reversed  in  sign.  The  condenser  acts 
instantly  the  battery  is  reversed  and  only  ceases  to  act 
when  fully  charged  in  the  reverse  direction.  It  may  be 
noted  that  the  period  of  disconnection  during  which  the 
lever  of  the  transmitter  is  crossing  from  side  to  side 
is  90  small  that  the   condenser  is  almost  fully  charged, 
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since  there  is  not  time  for  it  to  discharge  through  its 
shunt. 

It  will  now  be  well  to  examine  the  effect  of  using  too 
much  and  too  little  capacity  in  the  condenser.  The  direct 
consequence  of  wrong  adjustment  is,  of  course,  a  reduction 
in  the  speed  of  working,  but  the  effect  upon  the  marks 
received  may  profitably  be  considered. 

In  the  Morse  systems,  whether  automatic  or  key,  the 
elementary  signals  (dots  and  dashes)  are  of  unequal  length. 
A  dash  means  that  the  battery  is  applied  for  three  times  as 
long  as  for  a  dot.  If,  therefore,  the  letter  N  is  sent  the 
spacing  current  following  the  dash  may  not  reverse  the 
charge  upon  the  line  and  therefore  the  dash  and  tlie 
succeeding  dot  would  run  together,  whilst  A  would  prob- 
ably be  transformed  into  T :  i.  e.  a  dot,  following  a  spacing 
current  of  a  duration  equal  to  a  dash,  would  be  lost  entirely. 
Again,  a  "B"  might  be  transformed  into  G,  It  is  this 
effect  which  the  shunted  condenser  greatly  remedies  by 
coming  into  action  instantly  the  battery  is  reversed.  With 
too  little  capacity,  then,  a  dot  following  a  dash  run  together 
and  a  dot  following  a  long  space  is  lost. 

If  now  the  capacity  of  the  condenser  is  too  great  the  last 
dot  of  an  "  N  "  would  disappear,  and  the  dot  and  dash  of 
an  "A  "  would  run  together.  In  submarine  telegraphy  this 
phenomenon  is  of  frequent  occurrence  and  is  termed  "over- 
curbing  "  in  contradistinction  to  the  case  first  cited  in 
which  the  capacity  was  too  little,  termed  "  under-curbing." 

For  any  particular  circuit  there  is  always  a  best  value  to 
give  to  the  capacity  and  resistance  of  the  shunted  con- 
denser and  this  may  readily  be  found  by  the  passage  of 
working  signals. 

Adjustment  of  Shunted  Condenser. 

The  resistance  in  the  shunted  condenser  usually  approxi- 
mates to  the  resistance  of  the  rest  of  the  circuit  and  the 
value  of  the  capacity  required  is  then  obtained  by  the 
pajsage  of  working  signals  at  the  maximum  speed  at  which 
the  circuit  can  be  worked.  The  value  will  be  found  to  vary 
for  each  particular  circuit,  generally  speaking  the  longer 
the  circuit  the  higher  will  be  the  capacity  required. 
Where,   however,   the  capacity   is   very  great  a   smaller 
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current  and  a  much  higher  shunt  resistance  gives  better 
results. 

The  value  of  the  current  received  with  the  switch  turned 
should  be  16  m.a.  with  the  coils  in  parallel  and  the  resist- 
ance in  the  rheostat  should  be  reduced  until  this  current 
(35°  on  the  differential  galvanometer  with  its  coils  in 
parallel)  is  obtained ;  with  the  receiver  in  series  8  m.a. 
(20°  on  the  galvanometer)  only  is  required.  If  the  resist- 
ance in  the  rheostat  has  to  be  lowered  to  an  amount 
altogether  out  of  proportion  to  the  resistance  of  the  rest 
of  the  circuit  the  power  should  be  increased. 

Action  of  Shunted  Condenser  upon  a  very  Short 
Circuit. 

The  beneficial  action  of  the  shunted  condenser  is  usually 
ascribed  to  its  effect  in  neutralizing  or  rather  mitigating 
the  effects  of  self-induction  in  the  receiver  coils.  This  is 
however  only  true  where  the  circuit  is  very  short  and  has 
practically  no  capacity. 

Upon  such  a  circuit,  having  little  or  no  capacity,  a 
shunted  condenser  effects  a  small  economy  in  battery  power. 
By  disconnecting  the  condenser  and  increasing  the  battery 
power  the  same  speed  can  be  obtained  as  with  the  con- 
denser. The  effects  of  self-induction  can  always  be 
smothered  by  introducing  resistance  into  the  circuit  and 
raising  the  battery  power.  The  time  constant  of  the 
circuit  may  be  thus  reduced  to  any  required  extent. 
For  instance  the  time  constant  of  a  circuit  containing 
a  battery   (100"   resistance)   and   a   receiver  in   series   is 

3  "25 

-^    =  '0065  second,  with  a  resistance  of  1500"  added  it  is 

||-=-(X)]625  second. 

Resistance  of  Sending  Circuit. 

It  has  previously  been  stated  that  each  coil  of  the 
differential  galvanometer  (50«)  is  shunted  by  a  300**  resist- 
ance coil  in  order  to  reduce  the  self-inductance.  It  is  also 
pointed  out  in  the  subsequent  chapter  that  one  of  the  chief 
advantages  gained  by  bridge  duplex  working  lies  in  the 
fact  that  the  currents  sent  out  do  not  encounter  the  self- 
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inductance  of  the  home  receiver.  Moreover,  the  beneficial 
effect  of  the  signalling  condenser  is  accountable  to  its 
action  in  temporarily  reducing  the  effective  resistance  of 
the  sending  circuit.  In  order  that  a  signal  may  be  formed 
upon  the  distant  receiver  in  the  shortest  possible  time,  the 
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AT  REST  RUNNING 

Fig.  147.— Wheatstone  transmitter,  internal  and  skeleton  connections. 


resistance  of  the  sending  circuit  should  be  as  low  as 
possible,  subject  to  the  qualification  that  it  shall  not  be  so 
small  as  to  cause  the  transmitter  to  spark  (see  page  513). 
The  effect  of  self-induction  in  the  sending  circuit  is  even 
more  serious,  and  it  is  upon  this  account  that  the  coils  are 
shxmted  as  already  explained.  They  are  also  invariably 
joined  up  in  parallel,  thereby  reducing  both  the  resistance 
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and  self-inductance  of  the  instrument  to  one-fourth  of  the 
value  which  it  would  have  with  the  coils  in  series. 

It  will  now  be  realized  that  the  use  of  Daniell  batteries 
upon  a  Wheatstone  circuit  would  result  in  a  serious 
reduction  of  the  working  speed  owing  to  the  larger  in- 
ternal resistance  involved  in  providing  the  requisite  E.M.F. 
With  Bichromate  batteries  the  minimum  resistance  per  cell 
(2")  is  sometimes  termed  the  "  sparking  point,"  whilst  the 
maximum  value  (4")  is  termed  the  "  speed  point." 

Transmitter  Switch. 
The  lever  provided  for  stopping  and  starting  the  trans- 
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Fia.  148.— Wheatstone  simplex  coimectiun. 

mitter  also  operates  the  switch  referred  to  on  page  307. 
When  the  transmitter  is  not  actually  running  this  switch 
joins  the  battery  through  to  Z  and  C  of  the  double  current 
key  provided  for  making  or  answering  calls  and  for  the 
sending  of  acknowledgments.  Also  it  joins  the  down  line 
through  to  the  lower  left  terminal  of  the  key.  The  connec- 
tions of  the  transmitter  with  its  switch  are  depicted  in  Fig. 
147.  The  switch  consists  practically  of  three  two-way  switches 
mechanically  connected  together.  The  first  and  third  levers 
in  the  positions  shown  join  the  battery  terminals  Z  and  C 
through  to  MKZ  and  MKC,  which   are    connected  to    Z 

Y 
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and  C  of  the  key.  In  the  other  position  (when  the  trams- 
mitter  is  started)  the  battery  (at  Z  and  C)  is  connected  to 
the  battery  contact  screws,  thus  forming  the  connections 
depicted  in  skeleton  in  the  lower  right-hand  portion  of 
Fig.  147.  The  second  lever  normally  connects  the  down 
line,  which  has  passed  the  galvanometer,  through  to  X, 
which  is  in  turn  connected  to  the  lower  right  terminal 
of  the  key.  In  the  other  position  the  down  line  is  joined 
to  the  lower  half  of  the  divided  lever.  The  up  line  terminal 
of  the  transmitter  U  is  connected  to  the  right  side  of  the 
key  and  CJ-circle  of  the  receiver  or  relay  as  the  case  may 
be.  Comparison  of  Figs.  148  and  98  will  show  that  when 
the  transmitter  is  stopped  the  connections  are  practically 
those  of  the  double  current  sounder  save  that  a  shunted 
condenser  is  included  end  a  receiver  substituted  for  the 
relay. 

Connections  of  a  Full  Wheatstone  Set. 

The  connections  of  a  full  Wheatstone  set  are  depicted  in 
Fig.  148,  and,  with  the  aid  of  the  above  explanation,  they 
should  be  sufficiently  clear  and  easy  to  memorize. 

The  path  of  a  received  spacing  current  is  from  the  down 
line  through  the  galvanometer  to  D  of  the  transmitter,  to  JST, 
to  lower  right  terminal,  and  to  centre  of  the  key,  through 
the  shunted  condenser  and  receiver,  to  the  up  line. 

The  transmitter  currents  are  sent  out  between  U  and  D 
of  the  transmitter,  and,  to  make  a  mark,  the  positive  pole  of 
the  battery  is  joined  to  V  and  the  negative  to  U.  The  key 
currents  should  require  no  comment. 

Adding  a  Transmitter  to  a  Key-worked  Circuit. 

In  order  to  add  a  transmitter  to  a  key-worked  circuit  to 
meet  a  temporary  requirement  a  transmitter  stool  should  be 
obtained  so  as  to  avoid  cutting  the  tables  to  receive  the 
weight  chains.  The  two  wires  upon  Z  and  C  of  the  key 
should  be  removed  from  their  terminals  and  extended  by 
pieces  of  wire  respectively  to  Z  and  C  of  the  transmitter. 
The  wire  upon  the  lower  right-hand  t^^rminal  of  the  kej' 
should  similarly  be  discomiected  and  then  joined  to  D  of 
the  transmitter.  K  should  then  be  connected  to  the  lower 
right  termiHal  of  the  key.     Finally,  U  of  the  transmitter 
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should  be  joined  to  the  lower  left  terminal  of  the  key, 
leaving  the  wire  already  upon  that  tenninal  in  its 
position. 


Substitution  of  a  Receiver  fou  a  Relay. 

In  substituting  a  receiver  for  a  relay  a  similar  procedure 
should  be  followed.  If  a  spring  receiver  will  not  meet  the 
case  as  regards  the  speed  required  a  stool  should  be 
obtained  in  preference  to  cutting  the  tables  for  temporary 
requirements.  It  should  be  noted  that  the  U  terminal  of 
the  receiver  is  on  the  left,  whilst  on  a  relay  it  is  on  the 
right.  This  is  of  course  due  to  the  fact  that  in  the  former 
case  the  tongue  normally  lies  over  to  the  left.     The  wire  on 


Fig.  149.— Duplex  switch  con- 
nections upon  a  key  worked 
'  circuit 
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Fio.  isa— Duplex  switch  con- 
nections for  a  Wheatstone 
duplex  circuit. 


[/-circle  of  the  relay  is  joined  to  D-circle  of  the  receiver, 
and  the  D  wire  to  D-circle.  The  local  circuit  is  quite 
obvious. 


THE   WHEATSTONE  DUPLEX, 

The  Wheatstone  system  can  be  duplexed  upon  either 
the  differential  or  bridge  methods,  and  the  connections 
required  in  the  fo/mer  case  may  readily  be  deduced  by 
comparing  Figs.  148  and  117.  There  are,  however,  three 
points  which  require  to  be  especially  noticed.  Firstly,  a 
battery  switch  is  provided  for  cutting  out  the  battery 
and  inserting  a  resistance  equal  to  its  internal  resist- 
ance;    In  the  older  arrangements  this  Avas  accomplished 
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by  means  of  a  0-temiinal  two-position  switch  of  the  same 
type  as  that  used  to  convert  the  set  from  simplex  to  duplex 
(see  Fig.  153).  In  later  arrangements  a  two-way  switch 
serves  the  same  purpose,  the  negative  pole  of  the  battery 
being  connected  to  Z  of  the  transmitter,  and  also  to  one 
side  of  the  battery  resistance  coils.  The  positive  pole  of 
coui'se  takes  the  opposite  side  of  the  two-way  switch,  the 
lever  being  joined  to  C  of  the  transmitter.  Secondly,  the 
condenser  and  rheostat  are  in  circuit  at  simplex,  so  that 
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Fio.  151.— ConnoctionB  of  a  Wheatstone  duplex  circuit 

the  arrangement  may  be  used  as  a  shunted  condenser  and 
so  provide  a  higher  Avorking  speed.  This  is  effected  by  a 
slight  alteration  in  the  connections  uix)ii  the  duplex 
switch.  Referring  back  to  Fig.  117  of  the  double  current 
duplex  connections  it  will  be  seen  that  1)  of  the  relay  is 
joined  to  the  top  centre  of  the  duplex  switch,  the  upper 
left  terminal  of  which  goes  to  the  key  and  the  right  to 
the  rheostat.  Kow  in  order  to  liave  the  condenser  and 
rheostat  in  circuit  for  both  simplex  and  duplex,  it  is  only 
necessary  to  join  them  between  D  of  the  relay  and  the 
centre  terminal  of  the  rheostat  and  take  the  right  terminal 
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direct  to  the  galvanometer.  The  alteration  necessary  is 
shown  in  principle  in  Figs.  149  and  150.  Thirdly,  in  order 
that  the  adjustment  of  the  receiver  may  be  the  same  for 
both  duplex  and  simplex  working  a  resistance  coil  is 
inserted  between  the  U  terminal  of  the  receiver  and  junc- 
tion of  the  two  wires  coimected  to  it.  When  the  resistance 
of  the  line  is  1000*  or  less  a  1000"  resistance  coil  is  used, 
but  where  the  line  resistance  exceeds  this  amount  2000"  is 
inserted.  It  will  therefore  be  seen  that  although  the 
received  current  passes  through  both  coils  in  series  the 
resistance  of  the  circuit  is  practically  dou])led,  thus  halving 
the  current  and  so  making  its  magnetic  effect  upon  the 
receiver  practically  the  same  as  in  duplex  working. 

I^he  connections  of  the  receiver  which  replaces  the  relay 
are  quite  obvious  and  those  of  the  transmitter  are  readily 
deduced  from  the  simplex  Wheatstone  set  already  described. 
Transmitter  U  and  the  lower  left  terminal  of  the  double 
current  key  are  joined  together  to  the  lower  centre  terminal 
of  the  duplex  switch.  The  galvanometer  split  wire  comes 
to  D  of  the  transmitter  and  is  normally  passed  on  to  the 
lower  right  terminal  of  the  key  via  K,  If  the  above 
explanations  are  clearly  apprehended  the  connections  of  a 
Wheatstone  duplex  are  as  easy  to  remember  as  those  of  a 
double  current  duplex.  The  connections  are  shown  in  full 
in  Fig.  151. 


DIFFERENTIAL  DUPLEX  WITH  SIONALLINO  AND 
READING  CONDENSERS. 

An  improved  form  of  Wheatstone  differential  duplex  is 
occasionally  used  upon  cable  circuits,  and  consists  in  the 
addition  of  signalling  and  reading  condensers  to  the 
ordinary  duplex  arrangements.  The  duplex  connections 
are  accurately  shown  in  skeleton  in  Fig.  152.  Two  resist- 
ances each  of  3000"  are  placed  in  series  with  each  coil  of 
the  receiver,  and  their  junction  forms,  as  the  case  may  be, 
a  splitting  or  combining  point  for  the  key  currents.  The 
two  signalling  condensers  are  joined  between  this  point 
and  the  ends  of  the  two  coils  of  the  receiver.  This 
action  is  identical  with  that  of  the  signalling  condenser 
used  in  bridge  duplex  working  (see  page  338),  viz.  to 
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apply  the  fnll  E.M.F.  of   the    battery  to   the  line  until 

the  cnnent  in  the  distant 
appanitns  has  risen  to  the 
value  which  is  obtained  when 
the  condenser  is  charged  and 
the  duplex  resistance  coils 
are  traversed  by  the  current 
(the  E.M.F.  applied  to  the 
line  is  then  less  than  the  full 
E.M.F.  of  the  battery). 

The  reading  condenser  is 
to  hasten  the  rise  of  the 
received  current  by  short 
•circuiting  the  duplex  coils 
until  charged.  Also  it  re- 
duces the  short-circuiting 
effect  of  the  signalling  con- 
densers upon  the  received 
signals. 

All  the  condensers  assist 
the  reversal  of  the  current 
by  their  discharges.  They, 
as  it  were,  "  suck  out  "  the 
static  charge  upon  the  line. 
The  full  connections  of  the 
set  are  indicated  in  Fig.  153,  and  will  readily  be  compre- 
hended by  aid  of  the  skeleton  diagram  and  the  previous 
consideration  of  Wheatstone  working  as  a  whole. 


Fio.  152  — PriiHipleofadinfrentiiilduplex 
with  •ignalliDg  condcDsers. 


NEWS  CIRCUITS  AND  BATTERY  POWER  REQUIRED, 

For  "news'*  circuits  a  transmitter  is  required  at  the 
sending  station,  and  receivers  at  the  terminal  and  inter- 
mediate stations.  The  terminal  station  only  is  provided 
with  a  shunted  condenser.  In  practice  a  minimum  of 
KK)  volts  (secondary  cells)  or  its  equivalent  in  primary 
batteries  is  employed,  and  the  resistance  of  the  circuit  is, 
accessary,  raised  by  the  rheostat  upon  the  shunted 
ser  until  that  current  is  attained, 
reason  for  employing  a  minimum  E.M.F.  of  KK) 
)r  operating  Wheatstone  circuits  lies  in  the  fact  that 
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with  lower  voltages  the  resistance  of  the  contacts  made 
by  the  divided  lever  of  the  transmitter  have  an  abnormally 
high  value,  so  reducing  the  current  to  too  small  a  value 
for  high  speed  working. 

Upon  full  Wheatstone  circuits  Bichromate  cells  are  in- 
variably employed  when  primary  batteries  are  used.  In 
the  case  of  circuits  consisting  of  a  transmitter  at  one 
end,  only  Bichromate  batteries  are  employed  for  the  trans- 
mitter, but  at  the  receiving  stations  Leclanrhe  No.  1  cells 
with   circular  zincs   are  quite   adequate.     They  are   only 
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Fio.  153.— Connections  of  differenlial  da]>Iex  with  nignalling  condensers. 

used  to  call,  send  acknowledgments,  or  to  ask  for 
corrections. 

In  duplex  working  a  minimum  of  100  volts  E.M.F. 
is  employed  for  the  reason  given  in  the  case  of  simplex 
circuits.  It  is  only  w^here  the  cost  of  providing  additional 
circuits  would  be  prohibitive  that  duplex  Wheatstone 
working  is  normally  adopted.  It  is,  however,  quite 
frequently  provided  to  meet  any  sudden  pressure  of  work, 
such,  for  instance,  as  that  caused  by  other  circuits  becoming 
faulty. 

The  local  battery  in  every  case  consists  of  either  a 
2-cell  Bichromate  or  a  3-cell  Large  DanicU. 
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THE  STEVENS  AUTOMATIC. 

The  electrical  and  magnetic  portions  of  the  receiving 
instrument  are  practically  identical  with  those  of  the  Wheat- 
stone  receiver  which  it  replaces.  Instead  of  the  received 
signals  being  represented  by  inked  marks,  the  slip  is  per- 
forated with  longitudinal  long  and  short  holes  according  to 
the  duration  of  the  marking  currents.  The  instrument  is 
driven  by  an  electro-motor  and  the  electrical  portions  are 
employed  solely  to  control  the  action  of  the  punch.  A 
plunger  moves  rapidly  up  and  down  by  the  action  of  an 
eccentric.  This  plunger,  which  is  normally  held  above  the 
uniformly  moving  oiled  paper  slip  by  a  suitable  spiral 
spring,  w^or£s  in  a  slot  upon  the  punch.  Immediately 
a  marking  current  is  received  the  armature  axle  and  the 
lever  which  it  carries  move  over.  This  lever,  or  rather 
an  extension  of  it,  now  passes  into  the  slot  in  the  punch, 
so  connecting  the  plunger  and  punch.  This  causes  the 
rapidly  reciprocating  punch  to  perforate  the  slip.  The 
punch,  of  course,  goes  on  perforating  the  slip  and  thus 
increasing  the  length  of  the  perforation  until  the  current 
through  the  coils  is  reversed  and  the  link  between  the 
plunger  and  the  punch  is  withdrawn. 

The  slip,  having  holes  of  a  length  corresponding  to  the 
dots  and  dashes,  is  then  passed  through  an  instrument 
which  produces  corresponding  signals  upon  a  sounder. 
This  is  accomplished  by  two  bell-crank  levers  placed  side 
by  side  and  joined  to  one  side  of  the  battery  with  the 
end  of  the  sounder  connected  to  the  contact  point  upon 
which  they  act.  The  levers  are  adjusted  so  that  when  the 
unperforated  paper  prevents  them  from  moving  upwards  the 
local  circuit  is  broken.  When,  however,  a  perforation  is  met 
the  levers  move  upwards  and  the  local  circuit  is  completed. 

By  a  similar  mechanism  double  current  signals  can  be 
obtained  by  passing  the  perforated  slip  through  the  specially 
designed  transmitter.  It  would  therefore  be  possible  to 
avoid  re-punching  items  of  news  at  a  transmitting  centre. 
The  perforated  received  slip  would  be  passed  through  the 
transmitters  of  the  offices  requiring  the  item  and  then, 
passed  through  the  sounder  apparatus  and  written  down 
from  sound  for  delivery  to  the  local  papers. 
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The  speed  of  reception  is  at  present  about  80  words 
per  minute,  but  there  seems  little  reason  why  this  should 
not  be  increased.  It  is,  however,  true,  that  the  speed  at 
which  the  punch  at  present  moves  is  extremely  great. 

Another  point  is  that  the  slip  for  the  special  transmitter 
may  be  perforated  by  signals  sent  from  an  ordinary  key, 
thus  avoiding  the  necessity  for  the  special  skill  which  is 
required  to  perforate  slip  for  an  ordinary  Wheatstone 
circuit. 

The  original  object  of  the  invention  was  to  enable  the 
received  slips  to  be  read  by  sound  instead  of  by  eye,  as 
it  is  well  known  that  the  latter  process  is  far  slower  than 
the  former. 

The  apparatus  is  still  in  the  experimental  stage,  but  it 
may  possibly  be  of  use  for  race  meetings  if  tlie  working 
speed  can  be  considerably  increased. 


CHAPTER  X 
THB  BRIDGE  DUPLEX. 

THE  Bridge  duplex  system  is  invariahly  used  for 
Wheatstone  working  upon  cable  circuits.  Upon  such 
lines,  where  the  capacity  is  much  greater  than  upon  open 
lines,  a  higher  speed  of  working  is  attained  than  that  which 
results  when  the  previously  described  differential  duplex 
is  employed.  For  even  the  longest  aerial  lines  it  possesses 
absolutely  no  advantage  o\  dr  the  differential  system,  but 
on  the  contrary  entails  the  use  of  larger  battery  power. 

Advantaoes  of  the  System. 

The  enhanced  speed  of  working  upon  cable  circuits  is 
due  to  the  fact  that  the  sender's  current  does  not  pass 
through  the  relay  or  receiver  at  the  sending  end  and  to 
the  application  of  signalling  and  reading  condensers. 

The  advantages  of  the  bridge  system  may  be  summarized 
as  under : — 

1.  Permits  the  application  of  signalling  and  reading 
condensers. 

2  The  minimum  amount  of  retardation  is  introduced 
in  the  sending  circuit,  since  the  current  flows  direct  to 
line  and  does  not  pass  through  an  electromagnet  at  the 
sending  end. 

3.  The  apparatus  required  need  not  be  differentially 
wound. 

4.  Two  different  types  of  instrument  may  be  worked 
upon  the  one  circuit. 

f).  The  effects  of  earth  currents  are  not  felt  so  much 
in  bridge  as  in  differential  duplex  working. 

The  advantages  gained  under  headings  1  and  2  result 
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in  a  coDBiderable  increase  in  the  speed  of  working,  hnt 
at  the  expense  of  increased  battery  power.  The  advantage 
of  using  apparatus  not  differentially  wound  is  in  this 
country  quite  problematical,  since  all  the  relays  used  by 
the  Post  Office  are  invariably  so  wound.  The  fourth  claim 
is  true  but  it  does  not  seem  probable  that  it  could  ever 
be  desired  to  work,  say,  Morse  in  one  direction  and  Hughes 
in  the  other.  Tlie  fifth  point  will  be  apparent  when  ft 
is  remembered  that  the  resistance  of  the  circuit  as  a  whole 
is  very  high,  and  that  only  a  portion  of  the  line  current 
passes  through  the  receiver. 


E  E 

Fio.  164.— Principle  of  Bridge  duplex. 

General  Principle. 

After  the  detailed  consideration  accorded  to  the  differ- 
ential duplex  but  little  difficulty  will  be  found  in  dealing 
with  the  bridge  duplex.  The  differential  system  consists 
in  splitting  the  sending  current  through  the  two  coils  of 
a  differentially  wound  relay,  the  effects  produced  being  the 
result  of  disturbances  of  the  balance  of  current  in  the  two 
coils.  In  the  bridge  system  the  current  divides  through 
two  resistance  coils  to  the  line  and  compensation  circuits 
between  which  the  receiving  apparatus  is  placed.  If  the 
ends  of  the  two  resistance  coils  are  at  the  same  potential 
no  current  will  flow^  through  the  receiver.  Hence  it  is 
usual  to  say  that  the  differential  system  depends  upon  a 
balance  of  currents  and  that  the  bridge  system  in  contra- 
distinction depends  upon  a  balance  of  potentials. 
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The  connections  depicted  in  Fig.  154  illustrate  the 
fundamental  principle  of  this  system  as  compared  with 
the  differential  duplex  (see  Fig.  100). 

CE  and  CF  are  two  equal  resistances,  between  which 
the  receiving  apparatus  is  connected.  R  represents  a 
resistance  equal  to  that  of  the  line  2'^««  the  resistance  of 
the  distant  apparatus.  The  connections  at  both  ends  are 
identical,  OH  and  HK  corresponding  to  CE  and  CF. 

If  the  key  at  A  is  depressed  the  current  divides  equally 
between  CE  and  CF  because  the  resistance  of  R  is  equal 
to  that  of  the  line  and  B'a  apparatus.  Since  the  resistances 
of  CE  and  CF  are  equal,  the  differences  of  potential 
between  C  and  E  and  between  C  and  F  are  equal,  con- 
sequently, when  only  one  key  is  depressed,  no  current 
flows  through  the  relay,  and  the  sender's  signals  do  not 
therefore  affect  his  apparatus. 

The  path  of  the  compensation  current  is  from  the 
positive  pole  of  the  batterj-  to  C  along  CF  through  the 
rheostat  back  to  the  negative  pole  of  the  battery.  The 
line  current  flows  from  the  positive  pole  of  the  battery 
through  CE  along  the  line  to  G.  At  this  point  the 
current  divides,  one  portion  passing  through  the  relay  in 
the  direction  U  to  D  and  along  KH  to  H,  and  the  other 
along  OH  to  H  where  the  two  parts  reunite  and  pass 
through  the  back  contact  of  the  key  to  earth  and  thence 
to  the  negative  pole  of  the  A  battery.  The  mark  is  pro- 
duced by  that  portion  of  the  current  which  passes  through 
the  relay.  The  rheostat  circuit  may  in  this  instance  be 
regarded  as  a  high  resistance  shunt  across  KH,  which 
therefore  somewhat  reduces  the  resistance  between  K  and 
H.  The  main  path  of  the  received  current  is  along  OH 
with  the  relay  and  the  joint  resistance  between  K  and  H 
placed  in  series  across  OH,  The  current  through  the 
relay  is  therefore  rather  less  than  half  of  that  arriving 
at  G. 

If  the  key  at  B  is  depressed  instead  of  that  at  A  the 
current  divides  equally  between  HO  and  HK,  so  pro- 
ducing equal  potentials  at  0  and  K.  The  line  current 
passes  to  E,  along  EC  and  the  path  in  parallel  with  it 
(EFC),  to  earth,  and  so  back  to  the  battery  at  B.  The 
path  in  parallel  with  EC  is  the  relay  in  series  with  the 
combined  resistances  of  CF  and  R. 
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When  both  keys  are  simultaneously  depressed  the 
batteries  oppose  each  other  in  the  line  and  the  current 
at  A  flows  along  GF,  with  CE  and  the  relay  joined 
across  it,  through  the  rheostat  to  the  negative  pole  of  the 
battery.  The  portion  of  the  current  taking  the  path  of 
CE  and  the  relay  produces  the  mark.  Similarly  the  mark 
at  B  is  produced  by  that  portion  of  the  cui^rent  from  J5's 
battery  which  takes  the  path  through  GH  and  the  relay. 

Iktermediate  Position  of  the  Key. 

The  intermediate  position  of  a  key  during  the  continuous 
depression  of  the  distant  key  throws  the  rheostat  into  the 
line  circuit  and  the  received  mark  is  made  by  the  current 
flowing  through  the  relay,  shunted  by  CE  and  CF  in  series, 
and  through  the  rheostat  to  earth.  The  received  mark 
is  therefore  not  interfered  with.  At  the  sending  end  the 
balance  is  upset  and  the  relay  tends  to  mark,  but  the 
current  flowing  through  it  is  much  less  than  in  any  of 
the  cases  considered.  The  position  of  the  key  when 
touching  neither  front  nor  back  stop  is  only  of  momentary 
duration  and  does  not  produce  any  serious  effect  upon  the 
working  of  the  arrangement. 

Resistance  of  the  Arms  or  Duplex  Coils. 

In  the  arrangement  considered  the  resistances  CE  and 
CF  have  been  given  equal  values,  but  this  is  not  essential. 
Equality  of  potentials  will  be  produced  at  C  and  E  if  the 
product  of  the  resistances  of  CE  and  the  rheostat  is  equal 
to  the  product  of  those  of  CF  &nd  the  line  circuit  (including 
distant  apparatus).  This  fact  may  readily  be  proved  by  a 
consideration  of  the  principle  of  the  Wheatstone  bridge  (qx.). 
If  CF  and  R  are  greatly  increased  in  value  in  comparison 
Avith  CE  and  the  line  circuit  the  value  of  the  cun*ent  sent 
to  line  is  considerably  increased,  whilst  the  proportion  of 
the  current  received  passing  through  the  relay  when  re- 
ceiving is  correspondingly  reduced.  The  best  values  can, 
iu  any  particular  case,  be  mathematically  determined,  but 
it  will  suffice  to  say  that  under  the  conditions  in  which 
the  system  is  employed  by  the  Post  Office  the  values  are 
fixed  at  3000-  each. 
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Double  Curuent  Working. 

As  ill  the  differential  system,  the  batteries  may  be  made 
to  combine  when  both  keys  are  depressed,  so  producing 
twice  as  much  current  in  the  line  as  in  the  compensation 
circuit.  By  utilizing  this  and  the  opposition  effects 
double  current  working  is  readily  obtained.  Moreover  it 
presents  the  advantage  that  the  apparatus  connections 
terminate  in  an  up  and  a  down  line  terminal  dealt  with 
in  precisely  the  same  way  as  in  the  single  needle  and 
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Fio.  155.— Skeleton  connections  of  bridgtj  duplex,  keys  at  rest. 

other  forms  of  apparatus.  The  actual  connectioiis  of  a 
Post  Office  bridge  duplex  are  depicted  in  skeleton  in  Figs. 
155  and  15().  The  patlis  of  the  currents  have  been  dis- 
tinctively shown  in  order  to  facilitate  the  comprehension 
of  the  somewhat  complex  derived  circuits. 

Both  Keys  at  Rest. 

With  both  keys  at  rest  (Fig.  155)  the  batteries  at  A  and 
B  combine  together  in  the  line  circuit.  The  path  of  the 
main  current,  shown  by  a  dotted  line,  is  from  the  positive 
pole  of  A's  battery  through  GE^  with  QF  and  the  relay  in 
series  across  it,  to  earth,  through  one  coil  of  B's  galva- 
nometer, joining  withe's  battery  through  UG,  with  UK  and 
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the  relay  in  series  across  it,  along  the  line,  through  A's 
galvanometer  back  to  the  battery.  The  relay  and  CF  is  in 
parallel  with  CE,  and  a  part  of  the  current  therefore  passes 
through  this  path  in  the  direction  D  to  U,  so  causing  the 
relay  to  space.  Similarly  B's  relay  spaces  by  the  portion 
of  the  current  flowing  viS  HK  and  the  relay.  These  paths 
are  indicated  by  dot-dash  lines  in  contradistinction  to  the 
simple  dotted  lines  of  the  main  circuit. 

It  should  be  noticed  that  a  current  rather  less  in  value 


Fio.  156l— Sketeton  ooniiectiuns  of  bridge  duplex,  up  key  depressed. 

than  that  through  FC  passes  through  the  rheostat.  This 
point  can,  however,  only  be  made  apparent  by  considera- 
tion of  the  actual  numerical  values  of  the  current  as  given 
on  page  342  et  seq. 

One  Key  only  Depressed. 

In  Fig.  150  the  key  at  A  is  8ho^vn  depressed  whilst  that 
at  B  is  at  rest.  The  two  batteries  here  oppose  each  other 
in  the  line,  and  the  relays  are  each  affected  by  the  com- 
pensation current  derived  from  the  ends  of  the  duplex 
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resistance  coils  included  in  the  compensation  circuits  at 
either  end.  At  A  the  path  of  the  current -is  from  the 
positive  pole  of  the  battery  through  one  coil  of  the  galva- 
nometer, through  the  rheostat,  FC  (with  the  relay  and  EC 
in  series  across  it),  and  back  to  the  negative  pole  of  the 
battery.  The  relay  spaces  with  the  current  shunted  from 
FC.  At  the  distant  end  the  relay  marks  with  the  current 
shunted  from  UK.  The  derived  circuit  is  shown  by  a 
dot-dash,  and  the  main  circuit  by  a  dotted  line.  It  will 
be  seen  that  the  effects  produced  at  the  two  ends  of  the 
circuit  are  opposite  in  character,  becawse  the  direction  of 
the  current  at  A  is  opposite  to  that  at  B  due  to  the  different 
positions  of  the  two  keys. 

Both  Keys  Depressed. 

When  both  keys  are  depressed  the  paths  and  values  of 
the  currents  are  identical  with  those  of  Fig.  155,  but  in 
this  case  the  direction  of  the  current  is  everywhere  reversed, 
and  both  relays  consequently  register  a  mark  instead  of  a 
space. 

Intermediate  Position  of  the  Key. 

If  JB's  key  is  at  rest  and  A's  key  is  released  the 
latter  momentarily  occupies  an  intermediate  position,  the 
effect  of  which  is  to  greatly  reduce  the  value  of  the  marking 
current  flowing  through  B's  relay,  whilst  leaving  the  spacing 
current  in  A's  relay  practically  unaffected.  It  will  be  ob- 
served that  the  received  current  traverses  A's  rheostat, 
and  that  the  relay  is  shunted  by  FC  and  CE  in  series. 

Compensation  Circuit  and  Balancing. 

Since  the  duplex  resistance  coils  are  of  equal  value,  the 
current  in  the  line  and  compensation  circuits  wiU  also  be 
equal  if  the  distant  battery  is  substituted  by  a  resistance 
equal  in  value  to  its  internal  resistance.  If  two  coils  of  a 
differential  galvanometer  are  respectively  placed  in  the 
line  and  compensation  circuits  a  balance  will  be  obtained 
with  the  galvanometer  needle  at  zero,  when  the  rheostat 
and  condenser  are  accurately  adjusted  to  the  value  of  the 
circuit's  capacity  and  resistance.     This  adjustment  is  made 
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in  precisely  the  same  way  as  in  the  case  of  the  Wheatstone 
differential  duplex,  and  is  pjeferably  accomplished  with 
the  distant  two-way  switch  put  to  the  earthing  side. 

The  behaviour  of  the  condensers  and  their  discharging 
resistances  in  the  compensation  circuit  is  precisely  the 
same  as  in  the  case  of  the  differential  duplex.  The  values 
of  the  line  charges  in  the  various  positions  of  the  keys  are 
identical  with  those  shown  in  Fig.  113,  and  the  description 
of  their  effects  upon  the  apparatus  would  be  merely  a 
repetition  of  the  previous  descriptions. 


UNC 


/-G 


READINC 


CONOENtER' 


TRANSMITTER 


RHEOSTAT 


Fio.  157.— Bridge  duplex,  arntugement  of  condensers. 


General  Arrangements. 

The  duplex  resistance  coils  are  contained  in  a  box 
furnished  with  three  terminals  and  two  plugs.  A  signal- 
ling condenser  is  connected  across  each  coil,  but  for 
economy  of  space  the  two  condensers  are  placed  in  a  single 
box  provided  with  three  terminals  (Fig.  158).  A  shunted 
condenser  is  connected  in  series  with  the  receiver  across 
the  ends  of  the  duplex  resistance  coils  as  indicated  in  the 
skeleton  diagram  given  in  Fig.  157, 

'A 
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The  Signalling  Condensers. 

The  capacity  of  the  circuit  must  always  be  satisfied 
before  the  current  can  attain  its  full  value  at  the  receiving 
end  of  the  circuit.  The  time  taken  for  the  current  to  rise 
to  its  full  value  has  already  been  explained  to  be  quite 
independent  o£  the  E.M.F.  employed.  But  the  time  taken 
for  the  current  in  the  circuit  to  rise  to  any  given  value 
may  be  reduced  by  increasing  the  value  of  the  E.M.F. 
applied.  Therefore  a  signal  may  be  produced  by^  100 
volts  in  (very  roughly)  half  the  time  that  would  be  required 
by  50  volts,  or  in  one  quarter  the  time  required  by  25 
volts — ^always  provided  that  the  maximum  value  of  the 
current  with  the  lowest  E.M.F.  was  itself  adequate. 

In  the  bridge  duplex  the  addition  of  the  signalling 
condensers  produces  the  advantages  which  would  accrue 
from  the  use  of  nearly  twice  the  battery  power,  but  without 
its  attendant  disadvantages.  The  signalling  condenser 
across  the  duplex  resistance  coil  connected  to  line  acts 
as  a  short  circuit  until  it  is  fully  charged.  During  this 
time  the  full  E.M.F.  of  the  battery  is  applied  between 
the  ends  of  the  line,  so  producing  a  heavy  rush  of  current 
into  the  line.  When  the  condenser  is  charged,  the  current 
traverses  the  3000"  coil  before  reaching  the  line,  and  the 
E.M.F.  applied  to  the  ends  of  the  line  is  less  than  the  full 
E.M.F.  of  the  battery  by  the  amount  taken  up  in  over- 
coming the  resistance  of  the  coil.  If  the  resistance  of  the 
receiving  apparatus  and  the  line  is  3000"  the  E.M.F.  lost 
in  the  duplex  coil  would  be  one-half  the  E.M.F.  of  the 
battery. 

Since  a  signalling  condenser  is  applied  to  the  line  circuit 
it  will  be  obvious  that  in  order  to  maintain  a  balance  an 
exactly  similar  condenser  must  be  applied  to  the  compensa- 
tion circuit. 

Upon  reversal  of  the  current  the  discharge  of  the  con- 
densers combine  with  the  battery  which  has  been  reversed, 
and  the  E.M.F.  applied  to  the  circuit  is  that  of  the  battery 
plus  the  difference  of  potential  due  to  the  charge  in  the 
condensers.  Until  the  condensers  are  discharged  and 
charged  in  the  reverse  direction  the  duplex  coils  may  be 
regarded  as  being  short  circuited.  During  the  discharge 
of  the  condenser  its  "suck  out"  action  is  of   enormous 
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value  in  hastening  the  discharge  of  the  line.  This  action 
is  technically  known  as  the  "  curbing  effect "  of  the  con- 
denser. The  capacity  of  the  condensers  determines  the 
duration  of  the  eifecrt,  and  the  best  value  for  any  given 
circuit  is  obtained  when  the  quantity  of  electricity  in  the 
condenser  is  equivalent  to  the  charge  upon  the  cable.  If 
the  capacity  employed  is  excessive  the  current  will  rise  to 
too  large  a  value,  and  there  will  then  be  a  reverse  dis- 
charge of  the  line  immediately  the  current  is  reduced  to  its 
normal  value. 

Summary  of  the  Action  of  the  Signalling 
Condensers. 

To  summarize  the  action  of  the  condensers ;  they  act  as 
short  circuits  upon  the  duplex  coils  during  charging. 
The  reduction  in  the  resistance  of  the  circuit  provides  a 
correspondingly  heavier  flow  of  current  which  charges  the 
cable  more  rapidly  than  the  normal  current.  The  con- 
densers are  adjusted  so  that  the  heavy  current  only  lasts 
until  the  cable  contains  the  same  quantity  of  electricity 
which  the  normal  current  would  supply.  When  the  rush 
of  current  is  over  the  normal  current  at  once  produces  its 
effect  at  the  distant  end  because  the  cable  is  fully 
charged.  Upon  reversal  of  the  current  the  condensers  act 
with  the  battery,  and  a  heavy  rush  of  current  in  the 
reverse  direction  results,  so  more  rapidly  discharging  and 
recharging  the  line  in  the  reverse  direction. 

Reading  Condenser. 

The  shunted  or  "  reading  "  condenser  consists  of  a  14,000" 
three-coil  resistance  box  (2000" ,  4000-  and  8000"  coils), 
and  an  adjustable  condenser  of  the  7^  m.f.  type.  The 
action  of  this  condenser  is  entirely  similar  to  that  described 
upon  page  316,  but  its  importance  is,  if  possible,  even 
greater.  A  small  portion  of  the  first  part  of  every  received 
signal  is  lost  by  reason  of  the  short-circuiting  effect  of  the 
home  signalling  condensers.  When  the  key  at  A  is 
released  the  conditions  of  Fig.  156  are  changed  into  those 
of  Fig.  155.  Now  the  first  portion  of  the  current  flows 
from  A  along  the  line,  througli  the  signalling  condenser 
across  OH  and  through  the  battery  to  earth.     In  Hughes* 
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working  this  effect  ifl  of  such  fieri oiis  consequence  that 
signalling  condensers  cannot  be  employed.  The  reading 
condenser  certainly  mitigates  this  evil,  and  in  Wheat- 
stone  working  the  rapid  charging  of  the  line,  which  is 
secured  by  the  use  of  the  signalling  condensers,  more  than 
compensate  for  tlie  deleterious  effect  upon  the  received 
signals. 

Connections. 

The  actual  connections  of  a  Bridge  Wheatstone  duplex 
are  shown  in  Fig.  158.     The  duplex  switch  is  furnished 
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FiQ.  108.— Connections  of  bridge  duplex. 

with  seven  terminals,  and  in  the  duplex  position  makes  the 
connections  shown  by  the  dotted  lines  in  Fig.  289,  whilst 
at  simplex  the  dotted  connections  (Fig.  158)  are  formed. 
The  key  and  transmitter  are  joined  up  as  previously 
described.  The  D  terminal  of  the  transmitter  is  connected 
to  the  galvanometer  split,  the  right  terminal  of  which  is 
the  down  line  terminal  ot  the  set.  The  left  coil  is  con- 
nected through  the  rheostat,  etc.,  to  the  duplex  switch, 
where  it  joins  the  compensation  duplex  resistance  coil  and 
the  receiver.  The  up  terminals  of  the  key  and  transmitter 
are  connected  through  the  switch  to  the  centre  of  the  duplex 
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coils.  Thus  the  key  and  transmitter  are  connected  between 
the  galvanometer  split  and  the  centre  of  the  duplex  coils. 
The  other  side  of  the  receiver  is  of  course  connected  through 
the  reading  condenser  to  the  line  duplex  resistance  coil. 

When  the  switch  is  turned  to  simplex  the  receiver  is 
joined  to  the  centre  of  the  key  and  U  of  the  transmitter  is 
joined  to  the  up  line.  The  duplex  coils  need  not  be 
plugged  up  as  they  are  no  longer  in  circuit.  The  path  of 
the  received  current  is  from  the  up  line  terminal  through 
the  reading  condenser  and  shunt  (the  resistance  of  which 
should  be  considerably  increased)  and  receiver,  through 
the  switch  to  the  centre  of  the  key,  thence  through  K  and 
D  of  the  transmitter  to  the  galvanometer.  The  path  of  a 
sent  current  is  from  D  of  the  transmitter  through  the 
galvanometer  to  the  down  line,  in  at  the  up  line  and  thence 
to  U  of  the. transmitter. 

The  connections  and  function  of  the  two-way  earthing 
switch  are  obvious.  It  should  be  noted  that  the  rheostat 
and  its  condensers  are  cut  out  of  circuit  at  simplex,  but 
that  the  reading  condenser  is  still  available. 

Self-Inductance  of  Apparatus  at  the  Sending  Station. 

There  is  one  other  point  which  may  with  advantage  be 
referred  to,  since  it  frequently  results  in  a  little  confusion 
of  mind.  It  has  been  stated  that  one  of  the  advantages  of 
the  bridge  duplex  is  that  the  current  sent  out  does  not 
have  to  encounter  the  self-inductance  of  the  sender's  appar- 
atus. In  Fig.  155  the  paths  of  the  currents  are  shown,  and 
it  might  be  thought  that  in  this  case  the  sending  current 
is  passing  through  the  sender's  apparatus.  The  correct 
way  of  regarding  this  is  that  the  sender's  own  current  is 
accurately  balanced  between  E  and  F,  and  that  the  current 
which  produces  the  effect  at  A  is  the  current  received  from 
B.  Similarly,  the  current  flowing  through  the  relay  at  B  is 
that  received  from  A,  since  B's  sending  current  is  also 
balanced.  Therefore  the  statement  that  the  self-inductance 
of  the  sender's  receiving  apparatus  is  exciluded  from  the 
sending  circuit  is  quite  true. 

Caix3UL.\tion  of  the  Current  in  each  Part  of  the  Circuit. 
The  calculation    of    the  values   of    the  current  in  the 
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various  branches  of  the  bridge  duplex  circuit  is  quite 
simple,  but  it  involves  some  tedious  arithmetical  work. 

The  resistance  of  the  battery  is  assumed  to  be  nothing, 
and  that  of  the  shunted  condenser  and  relay  2400** .  The 
simplest  method  of  dealing  with  the  calculations  is  to  con- 
sider each  end  separately,  and  to  assume  that  the  distant 
battery  is  for  the  time  short  circuited.  When  these  calcu- 
lations are  completed  it  is  only  necessary  to  add  the  two 
results  found  for  each  part  of  the  circuit. 

Assuming  that  the  battery  at  X  is  short  circuited,  it  will 
be  seen  (Fig.  159)  that  a  current  due  to  180  volts  flows 
along  HO,  and  the  line  to  E.  The  current  then  divides, 
one  part  passing  direct  to  earth  (at  C),  whilst  the  other 


Fio.  159.— Paths  and  vaIum  uf  tlie  currents  in  each  pari  of  a  bridj^e  duplex  circuit 
with  both  keya  at  rest. 

passes  through  the  relay  and   then  through  FC  and  the 
F-Earth  path  in  parallel.     The  circuit  is  in  fact  as  shown 
in  skeleton  in  Fig.  160. 
p    •  ♦  ,         ^      (2400  +  1500)  X  3000       __^ 

Resistance  from  E  =  (2400  +  l'500)  +  3(XX)  =  ^^^^ 

Since  G  and  K  are  at  equal  potentials  with  respect  to  the 
battery  at  Y  (the  -X"  battery  being  regarded  as  short  cir- 
cuited), the  total  resistance  of  the  line  circuit  for  the  battery 
atF 

=  3000"  +  1304-  +  1096- 

.'.  Current  ^  cruww  "^  ^0  m.a. 

As  the  resistance  of  the  paths  L'F-Earth  and  the  lower  path 
(Fig.  100)  are  respectively  3900-  and  3000-  the  currents 
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are  in  inverse  proportion  to  those  resistances,  i.  e.  they  are 
13  m.a.  and  17  nua.  respectively.  The  13  m.a.,  however, 
divides  into  two  equal  parts  at  F  as  shown. 

Imagining  the  battery  at  F  short  circuited,  and  that  at 
X  acting,  the  current  through  CE  and  the  compensation 
circuit  is  : — 

180  _„^ 

3000  +  3000  ~  ^^  "^•^• 

As  the  circuit  is  balanced  an  equal  current  flows  along 
the  line  circuit  and  produces  values  at  Y  similar  to  those 
already  found  for  X, 

When  both  batteries  are  in  action  the  currents  are  the 
sums  of  those  previously  found,  viz. : — 


30 

E 

2^00 

'y- 

3000 
6-5               \ 

— ^' 

15 

17- 

3000              / 
65 

\  EARTH 


3.0O0 
Fio.  160.— Skeleton  connections  with  one  key  at  rest 

In  GE  17  (from  Y)        +30  (from  X)  =  47  m.a. 

„  GF  65  (from  Y)        +  30  (from  X)  =  36*5  m.a. 

„  F Earth 30 (from X)  -  65 (from  Y)  =  23*5  m.a. 
„  EF  13  (from  F)        =13  m.a. 

Through  the  battery  17  from  EG  due  to  Y 
6*5  „     FG    „     „  „ 
30  line  current  from  X 
30  compensation  current  from  X 

=  835  m.a. 

The  only  point  which  calls  for  comment  is  in  regard  to 
the  current  in  F-Earth.  The  direction  of  the  compensation 
is  opposite  to  that  of  the  received  current,  and  its  value  is 
therefore  equal  to  the  difference  between  them.  The 
currents  at  the  Y  end  may  be  obtained  similarly,  and  are 
as  shown  in  Fig.  159. 

When  one  key  is  at  rest  whilst  the  other  is  depressed  the 
conditions  at  each  end  are  as  shown  in  Fig.  161. 


344 


TELEGRAPHY 


^    .  ^  (3()0()  +  24(K))  X  3()00 

Resistance  =  (h(joo+24(K))  +  3000  +  "^^^ 
=  4929"  approx. 
180 


Total  current  = 


4929 


36  m.a.  approx. 


Current  through  relay  and  upper  path 
3000 


3000  +  5400 
13  m.a.  as  before. 


of  36  m.a. 


DEARTH 


Fiu.  Idl.— PutLs  and  values  of  Ihe  currents  in  each  patL  ii  ith  one  key  depressed. 

Calculation  of  Battery  Poweb. 

If  it  is  required  to  ascertain  what  power  must  be 
employed  to  obtain  a  certain  current  through  the  receiver 
with  a  line  of  given  resistance,  it  is  first  necessary  to 
calculate  the  value  of  the  resistance  required  to  balance 
the  circuit, 
formula : — 


This  may  be  obtained  from  the  following 


aSj   ,L^    , 


whore  R  < 


resistance  required  in  the  rheostat 
resistance  of  each  duplex  coil  3(MX)** 
resistance  of  receiver  and  in  shunted  condenser 
L  =  resistance  of  the  line. 
For  S  ^  400"  the  formula  becomes  : — 


(I 
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L 
2 


and  for  S=  2400- 


R  -  J(5G2oOO  +  1596  L  +  ^')  + 
irS=  2400- 
R  =  J^2571000  +  1929L  +  ^')  +  (^ 
the  case  illustrated  L  =  1304  and  S  =  240(»- 

•••  fi  =^2571000  +  2515000  +  425000  +  g 


=  2347  +  ^?J'^  =  2999- 

which  is  very  approximately  correct. 

Assuming  that  13  m.a.  is  required  through  the  relay  and 
that  Bichromate  cells  (E.M.F.  =  1*82",  r  =  4"  per  cell)  are 
used  the  number  of  cells  required  is  found  as  follows  : — 

Referring  to  Fig.  161. 

If  the  current  through  the  receiver  is  13  m.a.  the  current 

in  the  lower  duplex  coil  is  clearly  ~    X  13  =^  234  m.a. 

.'.  total  cU^rrent  —  30 '4  m.a. 
Joint  resistance  of  3(X)0«  and  5400-  =  1929- 

Total  external  resistance  =  3000  +  1929" 
=  4929- 

Number  of  cells  required  =  -    ^ '-"         =  108 

•03()4 
With  the  secondary  cells  the  calculation  is  even  simpler. 

Resistance  in  battery  lead  =  2(J() 

Total  resistance    =-  4929  +  200  =  5129- 

Current  required  =  36*4  m.a. 

E.M.F.  required   =  5129  x  0364  =  187  volts. 


Type  of  Battkry  Employed. 

The  minimum  power  required  ia  100  volts  secondaiy,  or 
its  equivalent  in  Bichromate,  cells.  The  local  battery  is 
either  a  3-cell  Large  Daniell  or  a  2-cell  Bichromate. 


CHAPTER  XI 
THE   WHEAWTONE  A.B.C,  AND   8TEUES  RECORDER 

Introductory. 

THE  Wheatstone  A.B.C,  which  is  an  example  of  step-by- 
step  telegraphs,  has  been,  and  is  still,  very  extensively 
employed  upon  minor  circuits  on  accoxint  of  the  very  small 
amount  of  skill  required  to  work  it.  It  possesses,  however, 
the  disadvantages  of  being  both  costly  to  provide  and  to 
maintain.  In  many  cases  it  is  being  superseded  by 
telephone  circuits,  but  for  the  latter  purpose  two  wires  are 
required,  instead  of  one,  if  the  circuit  is  carried  upon  poles 
which  have  other  lines  upon  them. 

General  Principle. 

The  electrical  energy  required  for  the  operation  of  the 
instrument  is  obtained  by  revolving  the  handle  of  the 
sending  instrument  or  "  communicator  "  as  it  is  termed. 
This  operation  causes  the  armature  of  a  generator  or 
magneto-electric  machine  to  revolve  and  so  generate  an 
alternating  E.M.F.  The  position  of  the  key  which  is 
depressed  determines  the  number  of  current  waves  sent 
out,  and  thus  is  made  to  control  the  position  of  the 
pointer  at  the  distant  end  of  the  circuit. 

A.B.C.  Indicator. 

The  indicator  bears  a  considerable  resemblance  to  the 
P.O.  standard  relay  in  the  general  arrangement  of  its 
electrical  and  magnetic  parts.  Two  soft  iron  armatures, 
rendered  magnetic  by  induction  from  a  curved  permanent 
magnet  of  the  horseshoe  type,  are  placed  between  the  four 
poles  of  the  electromagnet.     The  axle  carrying  the  arma- 
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tures  also  bears  an  arm  upon  which  is  pivoted  an  escape 

wheel   of    the   form 

illustrated    in    Fig.  ^'^ 

162.  The  movement 
of  this  arm  is  limited 
by  the  stop  pins,  Pj 
and  P2  shown  in  Fig. 

163.  When  an  alter- 
nating     current      is  F,o.  162.-E8cape  wheel. 

passed  through  the  coils  of  the  instrument  the  arm  oscillates 


Fio.  163.— Plan  of  indicator  showing  escape  wheel  ami. 


between  P^  and  P^  and,  in  so  doing,  causes  the  escape  wheel 
to  revolve.     In  Figs.  162  and  163  the  arm  is  shown  in  its 
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left-hand  position,  so  that  a  motion  to  the  right  therefore 
twists  the  escape  wheel  round  to  the  extent  of  half  a  tooth. 
The  tooth  ti,  which  is  resting  against  the  pallet  spring  a,, 
remains  stationary  whilst  the  centre  of  the  wheel  moves 
over  to  the  right.  When  this  position  is  reached  tg  banks 
against  the  pin  7*2  whilst  81  has  engaged  with  t^.  If  the  arm 
is  now  moved 'over  to  the  left,  the  escape  wheel  again  rotates 
in  the  same  direction  to  the  extent  of  half  a  tooth.  It  will 
therefore  be  seen  that  the  escape  wheel  is  rotated  by  the 
action  of  80  when  the  motion  is  from  left  to  right  and  by  Sj 
when  in  the  reverse  direction.  The  function  of  the  pins 
t\  and  r.2  is  to  prevent  the  wheel  from  moving  more  than 
half  a  tooth  at  a  time  when  the  arm  moves  from  side  to 
side. 

The  primary  object  of  the  stop  pins  Pj  and  P.y  (Fig.  163) 
is  to  save  the  escapement  wheel  from  the  shocks  which 
would  result  from  its  continual  impacts  upon  7\  and  r^. 


Fio.  104.— Currents  and  letters. 

It  is,  however,  found  that  the  increased  wear  due  to  this 
cause  is  very  slight,  and  in  some  forms  of  ajiparatus  1\  and 
P.2  are  omited  (vide  Fig.  165). 

The  15  teeth  of  the  escape  wheel  are  slightly  imdercut 
to  prevent  the  possibility  of  the  pallet  springs  being  jerked 
upwards  by  a  sudden  or  "  jerky "  motion  of  the  escape 
arm.  In  order  to  facilitate  removal  and  adjustment 
these  pallet  springs  are  separately  moimted  upon  removable 
brass  blocks. 

A  complete  revolution  of  the  escape  wheel  needs  thirty 
motions  of  the  arm  alternately  right  to  left  and  left  to  right. 
These  movements  would  be  produced  by  sending  fifteen 
complete  alternations  through  the  electromagnet.  Each  of 
the  thirty  positions  of  the  escape  wheel  corresponds  to  a 
letter  or  character,  and  therefore  the  |K)intor,  which  is  fixed 
to  the  escaj>e  wheel  ))y  means  of  a  light  steel  axle,  may  be 
caused  to  stop  opposite  any  pre-detennined  letter  or 
character  by  sending  the  requisite  number  of  alternate 
positive  and  negative  currents   through   the   instrument. 
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For  example,  the  pointer  will  move  from  zero  to  A  if  one 
positive  current  is  sent,  whilst  a  positive  followed  by  a 
negative  current  would  cause  it  to  move  to  B.  If  thirty 
currents  of  alternate  direction  were  sent  the  pointer  would 
make  a  complete  revolution.  The  effect  of  each  positive  or 
negative  current  wave  is  clearly  depicted  in  Fig.  104,  but 
one  example  may  perhaps  be  given.  To  send  the  word 
**  ACE  "  the  following  currents  would  be  required  : — 


Fio.  165.— Action  of  zero  adjusting  handle. 

Zero  to  A      one  positive 

A  to  C      one  negative,  one  positive 
G  U)  E      one  negative,  one  positive 
E  to  zero  negative  and  positive  alternately  to  the  number 
of  13  negative  and  12  positive. 

In  tjiis  way  by  suitably  determining  the  number  of 
alternate  current  impulses  any  word  or  combination  may 
readily  be  signalled. 
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Before  passing  on  to  the  communicator  there  are  several 
details  which  should  receive  attention.  It  is  essential  that 
a  mechanical  method  of  putting  the  indicator  pointer  to  zero 
should  be  provided,  so  that  in  tlie  event  of  faults  or  inter- 
ruption of  a  message  by  the  receiving  station  both  offices 
may  re-set  their  pointers  to  zero.  This  is  readtly  accom- 
plished by  the  small  handle  (Fig.  165)  at  the  base  of  the 
indicator  dial,  which  mechanically  moves  the  escape  wheel 


Fio.  160.— Combined  indicator  and  bell,  general  arrangement  of  pftrtfu 

and  pointer  axle  to  right  or  left  according  to  the  direction 
in  which  the  handle  is  moved. 


Clockwork  Bell. 

In  the  older  forms  of  apparatus  a  clockwork  bell  is 
provided  for  indicating  a  call.  The  passage  of  a  current 
through  the  electromagnet  releases  the  mechanism  and  a 
revolving  arm  carrying  two  jointed  hammers  is  rapidly 


THE   WHEAT8T0NE  A.B.C.  351 

revolved.  The  hammers  strike  a  bell  in  passing  and  so 
serve  to  attract  attention.  The  arrangement  is  mechanically 
complex  and  is  also  costly.  It  has  therefore  been  super- 
seded by  the  magneto  bell  of  the  "  combined  indicator  and 
bell." 

Combined  Indicator  and  Bell. 
The  combined  indicator  and  bell  is  illustrated  in  Figs. 


Fio.  167.— Perspective  sketch  of  the  arrangement  of  a  combine<1  indicator  and  bell. 


166  and  167,  from  which  it  will  be  seen  that  the  polepieces 
of  the  electromagnets  are  extended  in  an  upward  direction, 
and  that  above  them  are  placed  two  soft  iron  armatures. 
These  two  armatures  are  mechanically  connected  to  the 
light  permanent  bar  magnet  NS,  which  polarizes  both.  The 
two  ends  of  the  upper  armature  are  South  poles,  and  there- 
fore the  passage  of  a  current  through  the  instrument  causes 
one  end  to  be  attracted  whilst  the  other  is  repelled.  When 
the  current  is  reversed  the  armature  moves  in  the  opposite 
direction.     Since  the  ends  of  the  lower  armature  are  of 
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opposite  polarity  to  those  of  the  upper  one  their  tendency 
to  motion  is  always  in  the  same  direction  as  that  of  the 
upjxjr  annature.  Attached  to  the  permanent  magnet  is  an 
arm  carrying  a  bell  hammer  normally  resting  iiix)n  one  of 
the  two  bells  between  whi(*h  it  is  placed.  It  will  therefore 
be  obvious  that  the  alternating  currents  which  actuate  the 
indicator  pointer  will  also  cause  the  hammer  to  play 
between  the  two  bells,  thus  giving  a  sufficiently  loud  ring 
to  call  attention  to  the  circuit.  A  switch  is  provided  which 
clamps  the  hammer  of  the  bell  when  turned  to  the  "oflF" 
position  during  the  transmission  of  messages. 

It  may  be  remarked  that  comparatively  frequent 
adjustment  is  required  with  combined  indicator  and 
magneto  bell  when  the  apparatus  is  heavily  worked.  This 
is  particularly  noticeable  upon  certain  private  wires  rented 
from  the  Post  Office. 


The  Generator. 

It  has  previously  been  stated  that  an  E.M.F.  is  generated 

•  whenever  a  con- 
ductor cuts  a  line 
of  force.  The  value 
of  this  E.M.F.  is 
directly  propor- 
tional to  the  num- 
ber of  lines  of  force 
cutting  a  conductor 
in  a  given  time.  In 
order  to  generate 
any  considerable 
value  of  E.M.F.  it 
is  necessary  that  a 
large  number  of 
lines  of  force  should 
be  cut  at  a  con- 
siderable speed  by 
a  number  of  suit- 
ably arranged  con- 
ductors. Tliis  result  may  be  accomplished  in  quite  a 
large  variety  of  ways,  but  in  the  present  volume  it  is  only 
necessary  to  give  a  detailed  explanation  of  one  of  them. 


Fia.  168.— View  of  a  magneto  generator. 
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The  type  of  machine  chosen  is  that  used  so  extensively  in 

telephony  under  the  title  **  generator,"  and  also  used  in  the 

Wheatstone   A.B.C.   and    Steljes 

instruments.     In  reality,  it  is  the 

Siemens  magneto-electric  machine 

of  1857,  made  to  a  small  scale  and 

minus  the  commutator. 

The  generator  usually  consists 
of  three  permanent  magnets, 
whose  poles  of  like  sign  are  united 
by  two  hollowed  soft  iron  pole- 
pieces,  between  which  is  placed  a 
revolving  armature  of  soft  iron 
wound  with  a  suitable  number 
of  turns  of  fine  silk-covered  copper 
wire.  The  instrument  as  a  wiiole 
is  illustrated  in  Fig.  108,  whilst 
constructional  sketches  are  given 
in  Figs.  109  and  170.  The  arma- 
ture is  of  the  well-kno^vll  H-form, 
and  the  coil  is  wound  upon  the 
central  web.  When  the  armature 
occupies    the    position    shown   in 

Fig.  109,  the  lines  of  force  pass  through  the  central  web 
in  the  general  direction  shown  by  the  two  heavy  lines. 
When  the  position  of  the  armature  is  changed  with  respect 


Kid.  109.  —Magnetic  circuit  of 
generator. 


Pio.  170.— Armature  of  generator. 


to  the  magnet  the  position  of  the  lines  with  respect  to 
the  coil  of  wire  is  altered,  thereby  generating  an  E.M.F. 
It   should  also  be  noted  that  the   magnetic  field  passing 
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through  the  coil  is  intense,  since  the  magnetic  circuit  is 
almost  wholly  of  iron,  the  two  small  gaps  of  air  between  the 
armature  and  the  polepieces  being  only  of  sufficient  width 
to  provide  a  working  clearance. 

It  wiU  now  be  well  to  consider  a  complete  revolution  of 
the  armature,  and  in  order  that  the  various  positions  may 
be  clearly  realized,  the  value  of  the  E.M.F.  at  every  instant 
during  a  revolution,  together  with  the  position  of  the 
armature  at  each  quarter  of  a  revolution,  is  shown  in  Fig. 
171.  Imagine  that  the  armature  is  revolving  at  a  uniform 
speed,  and  that,  to  commence,  it  occupies  the  position 
marked  "  start."  Here  the  whole  of  the  lines  of  force  pass 
through  the  curved  portions  of  the  armature,  and  none 
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Pig.  171.— Illustrating  current  waves  sent  out  by  generator. 

pass  through  the  coil  along  the  web.  When  the  armature 
has  turned  through  a  quarter  of  a  revolution  the  whole  of 
the  lines  of  force  pass  through  the  coil.  At  this  point  the 
value  of  the  E.M.F.  generated  is  at  a  maximum,  whilst  it 
steadily  decreases  in  value  during  the  succeeding  quarter 
of  a  revolution.  Up  to  the  third  quarter  of  a  revolution 
the  number  of  lines  flowing  through  the  coil  in  the  opposite 
direction  steadily  increase  in  value  until  the  maximum 
E.M.F.  in  the  reverse  direction  is  reached.  From  this 
point  to  the  end  of  the  revolution  the  value  of  the  negative 
E.M.F.  gradually  sinks  from  the  maximum  value  to  zero, 
when  the  armature  occupies  the  same  position  as  at  the 
start. 

There  are  two  forms  of  commimicator  in  use,  but  their 
difference  lies  solely  in  the  form  of  generator  employed. 
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The  older  form  has  a  large  compound  magnet  with  four 
coils  of  wire  wound  upon  soft  iron  cores  attached  to  the 
poles  of  the  magnet.  A  soft  iron  armature  is  revolved  in 
front  of  these  coils  by  the  handle  of  the  communicator 
acting  through  a  suitable  gear  (Fig.  172).  The  motion  of 
the  armature  alters  the  number  of  lines  of  force  passing 
through  the  cores,  and  E.M.F.s  are  consequently  generated. 
After  the  detailed  discussion  of  the  generator  form  the 
details  should  be  obvious. 

The  Communicator. 

It  has  been  shown  how  the  pointer  may  be  caused  to 
travel  to  any  one  of  the  thirty  characters  by  meting  out  a 
suitable  number  of  current  impulses  alternately  varying  in 


Fio.  172.— Principle  of  the  old  forni  of  cuiumunicator. 

direction.     It  is  now  necessary  to  consider  the  mechanism 
of  the  communicator  by  which  this  object  is  efiFected. 

The  dial,  furnished  with  a  pointer,  is  divided  into  thirty 
divisions  corresponding  wth  those  of  the  indicator.  A 
key  is  placed  opposite  each  character,  and  messages  are 
sent  by  revolving  the  handle  and  depressing  the  keys  in  the 
order  in  which  the  letters  occur  in  the  words  to  be  signalled. 
The  completion  of  a  word  is  indicated  by  pausing  at  zero. 
The  pointer  is  arrested  at  the  point  where  the  key  is 
depressed,  and  is  released  immediately  a  second  key  is  put 
down.  This  depression  of  the  second  key  also  restores  the 
first  to  the  normal  position. 


Arrangement  of  the  Keys  and  Endless  Chain. 

The  necessity  for  pivoting  the  keys  is  avoided  by  an 
arrangement  which  will   readily  be  apprehended  from  a 
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consideration  of  Fi^.  173.     The  lower  end  of  each  key 
passes  through  a  radial  slot  in  the  key  plate.     The  upper 

end,  carrying  the  finger-plate 
K,  projects  above  the  slot,  and 
is  kept  in  position  by  the 
circular  brass  ring  7?,  which 
is  screwed  doAvn  above  all  the 
keys.  Since  the  fitting  at  the 
angle  is  made  rather  loose  the 
key  is  able  to  rock,  thus  pro- 
ducing the  effect  of  a  hinged 
joint  in  a  singularly  neat 
manner. 

The  low^er  ends  of  all  the 
keys  rest  upon  an  endless 
chain  which  is  carried  upon  a  series  of  pulleys  (Fig.  174). 
The  length  of  the  chain  is  siich  that  one  key  only  may  be 
depressed  at  any  one  time.  The  dej)ression  of  a  second 
key  tiglitens  the  cliain  at  the  point  where  the  first  key  is 
depressed,  80  thrusting  the  first  back  to  the  normal  position. 
In  order  to  i^rovide  a  margin  of  adjustment  two  extra  pulleys 


Fia.  173.— Key. 


R  *::::( 


Fi(».  174.— Endless  chain  and  its  adjustments. 

(\  and  Co  are  employed,  so  tliat  by  turning  the  screw  7?, 
which  is  "fixed  upon  the  brass  block  movable  at  B,  the 
requisite  tightening  or  slackening  of  the  chain  may  readily 
be  effected. 
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Operation  of  Contact  Maker  and  Pawl  Arm. 

Tlie  exact  connection  between  the  number  of  currents 
sent  out,  the  pointer,  and  the  armature  of  the  generator 
remain  to  be  dealt  with.  Tn  Fig.  175,  some  liberties  have 
been  taken  with  the  actual  details  of  the  construction  of 
the  instrument,  and  it  is  especially  desired  that  this  fact 
should  be  borne  in  mind.  The  main  axle  to  which  the 
handle  is  attached  is  correctly  shown,  but  the  remainder 
of  the  apparatus  has  been  turned  through  an  angle  of  90°. 


Fia.  175.— General  arrangement  of  communicator. 

The  handle  carries  the  armature  driving  wheel  N  and 
the  bevel  wheel  A,  which  causes  the  corresponding  wheel 
B  with  the  spur  wheel  C  to  continuously  revolve.  Above 
this  is  an  arm  fitted  with  a  pawl  which  engages  the  spur 
wheel  and  so  imparts  motion  to  the  pointer  carried  upon 
the  axle  G.  Between  F  and  the  pawl  a  friction-tight 
contact  arm  K  is  fitted.  This  arm  tends  to  revolve  with  the 
escape  wheel,  but  is  prevented  from  doing  so  by  a  stop  pin. 

Referring  now  to  Fig.  176,  w^hich  gives  a  plan  of  the 
important  parts  of  the  spur  wheel,  etc.,  it  will  be  seen 
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that  when  all  the  keys  are  raised  the  pawl  engages  with 
one  of  the  teeth  upon  the  spur  wheel,  and  so  causes  the 
arm  M  to  revolve.  The  contact  arm  K  is  fixed  friction- 
tight  with  the  pawl  arm  M  and  therefore,  whilst  M  revolves, 
K  moves  upwards,  thus  establishing  a  connection  between 
the  pivoted  lever  T  and  the  uninsulated  side  of  the  contact 
arm  K,  and  breaking  that  which  normally  exists  between 
T  and  S.  Since  15  complete  alternations  must  be  sent 
out  during  one  revolution  of  the  pointer  the  armature  of 
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Fio.  176.-  Spur  wlieel  and  contact  maker. 

the  generator  must  make  15  revolutions  whilst  the  pointer 
makes  one. 

The  function  of  the  spur  wheel  and  pawl  is  to  mechanic- 
ally disconnect  the  handle  from  the  pointer  immediately 
the  latter  reaches  a  depressed  key.  The  contact  arm  then 
electrically  disconnects  the  armature,  so  preventing  more 
than  the  correct  number  of  alternations  from  being  sent  out. 
»■  Immediately  the  extremity  of  the  pawl  h  meets  a  de- 
pressed key,  d  moves  outwards,  thus  disconnecting  M  from 
the  spur  wheel.  The  spring  S^  upon  the  contact  arm 
immediately  restores  the  contacts  to  their  normal  position. 
If  the  zero  key  were  dei)ressed  M  would  stop  opposite  zero 
whilst  tlie  spur  wheel  continued  to  rot^ite.  The  depression 
of,  say,  the  A  key  and  the  consequent  rising  of  the  zero 
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key  would  permit  the  springs  Sg  and  S3  to  restore  the  pawl 
to  its  normal  position,  when  it  would  again  engage  with 
the  spur  wheel  and  move  forward  to  A.  In  doing  this  K 
would  move  with  M,  so  joining  up  the  armature.  Imme- 
diately M  reached  A  the  pawl  would  again  disengage,  and 
K  would  restore  the  contacts  to  the  normal,  so  disconnecting 
the  armature.  If  the  D  key  were  now  depressed  the  pawl 
arm  M  would  move  from  A  to  Z),  during  which  time  K 
would  join  up  the  armature. 

The  escape  wheel   is  provided  with   15  teeth,  and   is 
permanently  geared  to  the  armature.   The  distance  between 


Fio.  177.— View  of  A.B.C.  set. 

each  tooth  therefore  corresponds  to  one  complete  revolution 
of  the  armature.  It  is  essential  that  the  armature  should 
always  be  in  the  correct  position  with  respect  to  the  pole- 
pieces  when  the  contact  arm  K  joins  it  up.  Were  this 
not  assured  two  positive  or  two  negative  currents  might 
be  sent  out  as  the  last  current  to  signal  a  particular  letter, 
and  the  first  current  for  the  next  letter.  The  spur  wheel 
and  pawl  provide  that  the  armature  is  in  exactly  the  same 
position  when  again  connected  to  line  as  it  was  when  the 
last  current  was  sent. 

It  may  be  stated  that  upon  circuits  with  more  than  two 
offices  the  necessity  for  attending  to  the  instrument  when- 
ever the  needle  moves  is  obviated  by  the  use  of  a  system  of 
calling,  in  which  the  various  calling  signals  are  recognizable 
by  sound. 
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Connections  of  A.B.O.  Sets  (Ordinary  or  Series    • 
Working). 

The  communicator  and  indicator  are  usually  placed  in 
series.  When  the  communicator  is  at  rest  the  indicator  is 
connected  between  line  and  earth,  or  between  the  up  and 
do^vn  lines  by  the  contact  arm. 

A  view  of  the  A. B.C.  apparatus  (clock-work  bell)  as  a  whole 
is  given  in  Fig.  177. 

The  connections  of  two  A.B.C.  sets  upon  one  circuit  are 
depicted  in  Fig.  178,  the  down  set  having  a  communicator, 
indicator,  and  bell  of  the  old  type,  whilst  at  the  uj)  station 
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Flo.  178.  -A.B.C.  rimiit.    TIir  apiMiratus  at  tin  up  office  is  of  the  old  form. 

is  shown  the  new  form  of  communicator  and  the  combined 
indicator  and  bell.  The  path  of  the  current  is  sufTiciently 
obvious. 

Leak- Work  inc.. 

In  the  case  of  three  or  more  offices  upon  one  circuit 
considerable  advjintage  is  derived  by  working  the  instru- 
ments in  parallel,  or  as  it  is  termed  *'  leak-working.'*  The 
coils  of  the  indicators  when  placed  in  series  upon  a  circuit 
represent  a  very  considerable  amount  of  self-inductance 
which  necessarily  reduces  the  value  of  the  effective  current 
passing  through  the  circuit,  and  it  is  to  this  effect  that 
leak-working  owes  its  inception. 
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The  commimicators  employed  for  this  purpose  are  in- 
variably of  the  generator  form,  provided  with  three 
terminals.  The  connections  of  three  stations  upon  one 
circuit  are  shown  in  Fig.  179.  The  inner  left-hand 
terminal  of  the  communicator  is  left  disconnected,  the 
coils  of  the  indicator  being  placed  in  series  (resistance 
1000** ).  The  generator  shares  its  current  with  the  whole 
of  the  indicators  in  parallel,  and  it  will  also  be  noted 
that  the  communicator  is  disconnected  when  not  actually 
sending  out  a  current. 


m 
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Fio.  179.— Leak  working. 


TUE  STELJES  RECORDER 

General  PniNcirLE. 

The  vSteljes  typewriting  telegraph  system  consists  in 
replacing  the  indicator  of  the  ordinary  >Vheatstone  A.B.C. 
l)y  a  recorder  which  prints  the  messages  upon  a  tape  in 
Roman  characters.  The  system  is  not  used  upon  public 
telegraph  circuits,  but  its  employment  upon  private  lines 
rented  from  the  Department  is  very  extensive.  The  ad- 
vantages of  a  record  of  the  actual  message  transmitted  is 
so  obvious  as  to  require  no  argument. 

The  position  of  the  type  wheel  is  determined  by  the 
number  of  currents  sent  out,  in  a  similar  way  to  that  in 
which  the  movement  of  the  A.B.C.  indicator  needle  is  con- 
trolled. The  printing  electromagnet  is  placed  in  series 
with  the  escapement  electromagnet,  the  armature  of  the 
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latter  being  permanently  attracted  whilst  the  pointer  of 
the  communicator  is  in  motion.  It  is  only  released  when 
the  series  of  currents  is  ended.  The  moment  the  current 
ceases  the  tape  is  brought  into  contact  with  the  inked  type 
wheel,  the  character  thereby  recorded,  and  the  tape  moved 
forward.  The  type  wheel  is  inked  by  means  of  a  light 
wheel  which  normally  rests  upon  and  revolves  with  it. 
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Fio.  180.— Escapement  electromagnet. 


Type  Wheel  Escapement. 

The  escapement  electromagnet  with  its  polarized  arma- 
ture is  of  the  form  which  has  long  been  familiar  in 
telephone  magneto  bells.  Its  permanent  magnet  curves 
round  from  the  yoke  of  the  electromagnet  to  the  centre  of 
the  soft  iron  armature,  so  making  the  two  ends  of  like 
polarity.  In  fact  tlie  arrangement  is  vei-y  similar  to  that 
of  the  A.B.C.  combined  indicator  and  bell,  but  only  one 
armature  instead  of  two  is  employed.  The  pallet  (Figs.  180 
and  181)  which  engages  witli  the  escape  wheels  is  fixed  at 
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right  angles  to  this  armature.  Each  wheel  has  15  equally 
spaced  teeth  placed  so  that  the  apices  of  the  teeth  of  the 
one  wheel  are  opposite  the  bases  of  the  teeth  of  the  other. 
The  escape  wheels  are  placed  upon  the  same  axle  as  the 
type  wheel,  which  revolves  when  released  by  the  pallet. 
When  the  armature  moves,  the  pallet  releases  the  tooth  with 
which  it  is  engaged,  and  thus  allows  the  axle  to  turn  until 
it  engages  with  the  tooth  of  the  other  escape  wheel,  i.  e. 
the  axle  moves  one-thirtieth  of  a  revolution.  In  order 
therefore  to  bring  any  letter  upon  the  type  wheel  directly 
above  the  paper,  it  is  only  necessary  to  send  the  requisite 
number  of  alternations  through  the  electromagnet.  This 
is  of  course  accomplished  by  the  communicator,  and  it  is 
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Via.  181.— Printing  electroinagnet,  skewing  arraature  attracted. 

therefore  clear  that  the  type  wheel  will  take  up  a  position 
in  conformity  with  the  key  which  is  depressed. 

Printing  Arrangements. 

The  printing  mechanism  is  operated  by  a  somewhat 
heavier  weight  than  that  required  for  the  escapement. 
The  principle  of  the  device  will  readily  be  apprehended 
from  Fig.  181. 

ITie  armature  Ag  of  the  electromagnet  P  is  pivoted  at 
A,  so  that  when  attracted  the  right-hand  side  of  the  lever 
is  depressed  and  the  left  side  raised.  Normally,  the  under- 
side of  M  rests  upon  the  projection  L|,  but  immediately 
the  armature  is  attracted  L^  is  depressed,  and  M  moves 
forward  until  caught  by  L2,  which  is  of  course  depressed. 
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Immediately  the  armature  is  released  hy  the  cessation  of  the 
series  of  currents  M  revolves,  and  is  again  caught  by  Lj. 
The  axle  carrying  M  also  bears  an  eccentric,  the  revolution 
of  which  raises  the  paper  against  the  type  wheel,  thus 
printing  the  letter  immediately  above  the  paper  (compare 
Figs.  181  and  184). 


Fio.  182.— Type  wheel  in  position  for  printing  letters. 


^■ 
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Fio.  1^<J.— T.vpc  wheel  in  position  for  printing  (Igtires. 


Figure  CiiANCiNd  Cam. 

Two  type  wheels  mounted  side  by  side  u|)oii  the  same 
axle  are  employed,  the  one  bearing  letters  and  tlie  other 
figures  and  various  other  useful  signs.  The  wheels  are 
capable  of  lateral  motion  and  eitlier  may  l)o  brought 
directly  over  the  tape  according  to  the  position  of  the 
"  figure  changing  cam.'*  Two  divisions  exactly  opposite  to 
each  other  upon  the  communicator  are  marked  respectively 
"  letters  "  and  "  figures."  At  the  corresponding  points 
upon  the  type  wheels  blanks  are  left.  When  the  printing 
lever  raises  the  tape  up  to  the  type  wheel  at  these  positions 
no  character  is  printed,  but  the  radial  pin  F  is  struck,  so 
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moving  the  type  wheels  along  the  axle.  In  Fig.  182  the 
letter  wheel  is  above  the  printing  space  upon  the  tape 
whilst  in  Fig.  183  the  figure  wheel  is  similarly  placed. 
When  the  upper  end  of  F  (Fig.  183)  comes  to  its  lowest 
position  the  raising  of  the  printing  lever  in  response  to  the 
depression  of  the  "  figures  "  key  causes  the  wheels  to  take 
up  the  position  shown  in  Fig.  182.  The  change  from 
figures  to  letters  is  made  in  a  similar  way,  half  a  revolution 
(15   letters)   of  the  conmiunicator  later.      The  type  wheel 


Pio.  185. — Printing  lever  and  unison  arm. 


wliicli  is  not  in  use  strikes  upon  a  light  forked  steel  spring 
wliicjh  covers  the  two  outer  thirds  of  the  pax)er. 


General  Arrangement  and  Slip  Feeding  DE^'^ICE. 

The  remaining  details  of  the  arrangement  will  be  best 
apprehended  by  means  of  the  conventional  diagram  given 
in  Fig.  184.  Every  time  the  printing  lever  is  moved  up 
against  the  type  wheel  the  cam  engages  a  lower  tooth  upon 
the  ratchet  wheel,  and  the  descent  of  the  lever  therefore 
feeds  the  slip  forward  to  an  extent  equal  to  the  space  of  one 
letter,  so  placing  it  in  position  for  the  printing  of  the  next 
letter. 
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Fio.  186. General  view  of  SteUes  apparatus.     (In  later  iustruiuenta  the  counter 

weight  upon  the  printing  lever  is  replaced  by  a  spring  as  shown  in  Figs.  184  and 
186.) 
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8VNCI1UONIZING  L»':vI':r. 

The  synchronizing  device  is  exceptionally  simple  and 
effective.  Upon  the  type  wheel  axle  a  radial  arm  X  (Fig.  185) 
projects  Avhicli  engages  with  the  end  of  the  lever  W  when  in 
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Fia.  187.— Specimen  of  printed  message. 


its  upper  position.  The  lower  part  of  tlie  lever  carries  a 
pin  IF,  which  is  struck  by  the  printing  lever  every  time  a 
letter  is  printed,  thus  depressing  the  hner  W.  This  lever 
is  fixed  friction-tight  upon  an  axle  which  tends  to  move  it 
to  its  highest  position  when  the  type  wheel  has  moved 
through  about  tliree  revolutions.  If  tlierefore  tlie  pointer 
of  the  communicator  is  allowed  to  make  three  complete 
revolutions  witliout  printing  a  letter  the  radial  arm  A'  is 
arrested  and  the  ty])e  wheels  stopped  at  zero.  Immediately 
the  type  wlieel  stops  the  zero  key  is  depressed  and  tlie 
communicator  and  the   type  wheels  are  therefore  at  zero, 
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Via.  INS.— Connections  for  scries  working. 

hut  the  printing  lever  rises  and  puts  the  lever  W  back  to 
its  lower  p()sitit)n  as  shown  in  Fig.  1(S4.  Both  instriunents 
are  therefore  at  zero  and  the  message  may  at  once  be 
signalled. 

The  g(Mieral  ai)i)earance  of  the  apparatus  is  shown   in 
Fig.  180,  and  a  reproduction  of  a  part  of  a  message  trans- 
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mitted  over  a  50-kilometre  field  telegraph  line  established 
in  Spain  during  manoeuvres  is  shown  in  Fig.  187. 

The  Typewriting  Telegraph  Corporation  who  control  the 
Steljes  patents  have  also  produced  a  motor  driven  com- 
municator of  considerable  power — in  fact  as  many  as 
one  hundred  recorders  have  been  simultaneously  worked 
from  it. 


DUZ 


Fio.  189.— Connections  for<leak  working. 

Connections. 

For  ordinary,  or  series,  working  the  recorder  coils  are 
joined  up  so  as  to  give  a  resistance  of  500**  and  the  set  as 
a  whole  is  connected  to  line  and  earth  in  similar  fashion  to 
an  ordinary  A.B.C.  set.  When  leak  working  is  desired  the 
windings  of  the  coils  are  placed  in  series  and  a  resistance 
of  1000**  is  thereby  obtained.  The  conditions  will,  how- 
ever, be  evident  from  consideration  of  Figs.  188  and  189. 
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CHAPTER  XII 

thFj  hughes. 

Intuodugtory. 

THE  Hughes  system,  wjiich  may  be  classed  under  the  head- 
ing of  synchronous  type-printing  telegraphs,  is  largely 
mechanical  in  action  and  differs  from  all  other  systems  in 
two  most  important  particulars  : — firstly,  a  single  current 
only  is  required  for  each  letter  or  character  printed,  and 
secondly,  the  type  wheel  revolves  continuously  and  is  not 
checked  or  stopped  whilst  a  sign  is  being  printed.  The 
working  currents  are  of  equal  duration,  but  are  separated 
by  unequal  intervals  of  time. 

Upon  a  cable  circuit  having  a  working  speed  of  40  words 
per  minute  with  the  Wheatstone  apparatus  and  shunted 
condenser  system,  the  Hughes  may  be  worked  at  the  highest 
speed  at  which  it  can  be  manipulated.  The  speed  at  which 
the  instrument  can  be  operated  is  also  considerably  in 
advance  of  the  sounder,  and  in  France  the  Hughes  is  em- 
ployed in  every  case  in  which  Morse  working  will  not  suffice 
to  dispose  of  the  traffic  and  in  which  high-speed  working  is 
not  justified.  In  the  British  Post  Office  it  is  almost  exclu- 
sively employed  upon  continental  lines,  where  the  gain  in 
the  working  speed  of  the  circuit  amply  justifies  the  costly 
apparatus  and  its  somewhat  expensive  maintenance. 

The  general  appearance  of  the  apparatus  and  the 
disposition  of  its  parts  are  illustrated  in  Figs.  190  and 
191. 

Oknicral  Principle. 

The  type  wheel  at  one  end  of  the  circuit  is  exactly 
similar  to  that  at  the  other  end,  revolving  in  complete 
synchronism,  i.  e.  they  not  only  revolve  at  precisely  the 
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Banie  rate,  but  at  an}'^  instant  the  same  letter  or  sign 
upon  each  wheel  occupies  a  position  immediately  above 
the  tape.  If  at  this  moment  the  tapes  at  both  ends  are 
brought  into  contact  with  the  type  wheels  the  same  sign 
will  l)e  printed  at  each  end.  The  type  wheel  is  inked  by 
the  inking  wheel,  which  presses  lightly  upon  it. 

The  transmitting  portion  of  the  apparatus  consists  of  a 
keyboard  furnished  with  28  keys  (see  Fig.  190).  Each  of 
these  keys  is  mechafiically  connected  to  a  pin  working  in  a 
radial  slot  in  a  circular  plate.  The  chariot,  which  consists 
of  a  radial  arm  carrying  a  pivoted  lever  in  connection  with 
the  stationary  contact  lever,  sweeps  over  the  pins.  When 
a  key  is  depressed  the  corresponding  pin  is  raised  and  the 
end  of  the  pivoted  lever  moves  upwards  when  the  chariot 
passes  over  it.  This  causes  a  current  to  be  sent  out  to  line. 
The  home  instrument  is  also  actuated  at  the  same  instant 
by  a  projection  upon  the  contact  lever  which  raises  the 
armature  from  the  coils. 

It  will  therefore  be  seen  that  a  current  may  be  sent  out 
at  any  one  of  the  28  points  in  accordance  with  the  position 
of  the  key  which  is  depressed.  It  may,  however,  be 
pointed  out  that  one,  two,  three,  or  even  four  currents  may 
be  sent  out  during  one  revolution  of  the  chariot.  This  is, 
however,  considered  fully  later. 

The  chariot  and  the  type  wheel  are  connected  and 
revolve  at  precisely  the  same  speed.  Therefore  each 
position  of  the  chariot  corresponds  to  the  same  position 
upon  the  type  wheel.  If  the  key  marked  "  2?  "  is  depressed 
the  letter  "  fi "  upon  the  type  wheel  will  be  immediately 
above  the  tape  at  the  instant  when  the  chariot  is  above  the 
raised  pin  connected  to  the  "  R  "  key.  As  the  pin  is  raised 
the  chariot  sends  a  short  current  out  to  line  and  at  the 
Bame  time  mechanically  operates  the  home  apparatus. 
The  result  is  that  the  letter  R  is  printed  at  both  stations. 

The  whole  of  the  movements  are  controlled  by  three  main 
axles  which  may  be  respectively  designated  the  printing, 
the  type  wheel,  and  the  chariot  axles.  The  printing  and 
type  wheel  axles  are  horizontal  and  parallel,  whilst  that  of 
the  chariot  is  vertical  and  is  driven  by  means  of  an  equal 
bevel  wheel  upon  the  type  wheel  axle. 

The  sole  function  of  the  current  is  to  release  the  armature 
of  the  electromagnet,  and  this  motion  is  made  to  link  up  the 
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printing,  driving  and  the  printing  axle  proper  for  a  single 
revolution.  By  mechanical  devices  the  revolution  of  the 
printing  axle  effects  : — 

1.  The  synchronizing  correction. 

2.  The  printing  of  the  character. 

3.  The  progression  of  the  paper. 

4.  The  replacement  of  the  armature. 

Each  current  received  or  sent  out  brings  about  a  com- 
plete revolution  of  the  printing  axle,  which  runs  at  seven 
times  the  speed  of  the  type  wheel  and  chariot.  At  the 
instant  when  the  letter  is  printed  the  face  of  the  particular 
type  should  be  exactly  parallel  with  the  paper.  Now,  by 
means  of  a  cam  upon  the  printing  axle,  the  position  of  the 
typo  wheel  is  adjusted  every  time  a  letter  is  printed.  Since 
at  least  one  and  sometimes  three  or  four  characters  are 
recorded  during  each  revolution  the  frequency  of  this 
mechanical  correction  is  more  than  sufiBcient  to  ensure 
absolute  synchronism  between  the  two  instruments.  An 
electro  motor  controlled  by  a  rheostat  provides  the  motive 
power  for  rotating  the  mechanism  whilst  a  suitable  goveraor 
detei-mines  the  speed  at  which  it  runs.  As  will  be  seen  later, 
it  is  by  means  of  this  governor  that  the  speed  of  the  instru- 
ment is  adjusted  to  be  in  unison  with  the  apparatus  at  the 
distant  end.  The  functions  named  under  2,  3,  and  4 
require  no  explanation.- 

ITaving  dealt  with  the  general  principle  of  the  instrument, 
it  wiU  now  be  necessary  to  consider  the  details  of  the 
mechanism.  These  will  not,  however,  prove  very  in- 
telligible unless  the  reader  has  grasped  the  fundamental 
principles  which  have  just  been  stated. 

The  Hughes  Electromagnet. 

Two  coils  of  wire  are  wound  upon  the  soft  iron  cores 
attached  to  the  poles  of  a  powerful  compound  magnet 
(Fig.  192).  The  armature,  which  is  also  of  soft  iron,  is 
normally  attracted  to  the  cores,  but  this  attraction  is 
opposed  by  two  antagonistic  springs.  The  armature  is, 
however,  held  down  by  the  downward  attraction  of  the 
magnet  which  is  greater  than  the  upward  pull  of  the 
springs.     If,  for  the  sake  of  illustration,  the  force  of  attrac- 


THE  HUGHES 


373 


tion  is  100  units  and  the  upward  pull  of  the  spring  is  92, 
the  armature  is  held  down  by  a  force  equal  to  8  units. 
The  passage  of  a  current  through  the  coils  in  such  a 
direction  as  to  oppose  the  magnetism  of  the  cores  will  cause 
the  armature  to  be  released  immediately  the  attraction  is 
reduced  below  92  units.  The  armature  will  then  fly  off 
with  the  full  force  of  the  spring,  i.  e.  with  a  force  of  92 
units.     In  this  way  the  reduction  of  the  attraction  by  any- 


Fio.  192.— Electromagnet 

thing  over  8  units  brings  into  play  the  full  force  of  the 
spring.  The  upward  movement  of  the  armature  serves  to 
bring  into  operation  the  various  mechanical  portions  of  the 
apparatus  which  synchronize  the  two  type  wheels,  print  the 
letter,  move  the  paper  forward,  and  replace  the  armature. 
The  Hughes  is  therefore  a  directly,  and  not  a  relay,  worked 
instrument. 
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The  value  of  the  attraction  between  the  cores  and  the 
armature  may  be  varied  by  sliding  the  soft  iron  bar  to 
right  or  left  as  required.  The  bar  (Fig.  193)  forms  a  con- 
ducting path  for  the  lines  of  force,  thus  reducing  the 
number  flowing  through  the  armature,  and  hence  the  force 
of  the  attraction.  When  the  lever  is  pushed  well  over  to 
the  right  it  is  evident  fthat  the  attraction  wdll  be  least, 
wliilst  it  will  be  gradually  increased  as  the  volume  of  that 
part  of  the  soft  iron  bar  resting  u])on  the  right-hand  magnet 
limb  is  reduced  by  sliding  it  to  the  left. 

The  uj)ward  pidl  of  the  armature  is  produced  by  two 
springs  acting  upon  the  axle  of  the  armature  lever.  One 
spring  is  of  considerable  strength,  and  very  rarely  requires 
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Fio.  103.— Magnetic  a(^ustment 


adjustment.  The  second  spring  is  of  a  much  lighter 
description,  and  is  provided  with  a  thumb-screw.  This 
screw  is  first  of  all  placed  in  such  a  position  that  its  thread 
extends  equally  upon  either  side  of  its  support,  thus  pro- 
viding an  equal  range  of  adjustment  in  each  direction. 
The  permanent  magnet  armature  is  then  adjusted  until  the 
slightest  vibration  will  serve  to  release  the  armature.  The 
adjusting  screw  is  then  given  two  turns  in  such  a  direction 
as  to  reduce  the  force  tending  to  raise  the  armature.  This 
provides  ample  working  margin  without  unduly  decreasing 
the  sensitiveness  of  the  instrument. 

The  coils  are  differentially  wound,  and  have  a  resistance 
of  500"  each,  or  1000"  in  series. 
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It  should  also  be  pointed  out  that  the  position  of  the 
electromagnet  is  adjustable,  so  as  to  enbure  that  the  arma- 
ture shall  lie  evenly  upon  the  centre  of  the  polar  projections. 


Pig.  194.— View  of  governor. 


A  piece  of  slip  is  placed  between  the  armature  and  the 
cores,  and  is  secured  in  position  by  suitable  clips,  to  prevent 
"  sticking  "  and  to  render  the  action  more  rapid. 
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Motive  Power  and  Governor. 

The  latest  form  of  Hughes  instrument  is  driven  by  an 
electromotor  worked  from  the  telegraph  secondary  cell  in- 
stallation, so  avoiding  the  use  of  the  weight  which  had  to 
be  periodically  raised.  In  order  to  obtain  perfect  uni- 
formity of  speed  the  back  end  of  the  motor  axle  is  furnished 
with  a  bevel  wheel  which  gears  into  a  similar  wheel  A  upon 
the  vertical  axle  G  of  the  governor  (Fig.  194).  As  the  axle 
rotates  the  two  bosses  B^  and  B2  fly  outwards,  but  this 
motion  is  opposed  by  the  springs.  Referring  now  to  Fig.  195, 
it  will  be  seen  that  the  tow  brush  or  brake  upon  each  rod 
comes  into  contact  with  the  inner  side  of  the  ring  R. 

If  tlie  speed  tends  to  suddenly  increase,  the  bosses  B^  and 
B2  increase  the  pressure  of  the  brush  upon  the  ring,  and  a 
very  considerable  increase  of  energj^  is  therefore  needed  to 
produce  a  small  increase  of  speed.  In  the  same  way  a 
decrease  in  the  speed  reduces  the  pressure  between  the 
ring  and  the  tow  brushes,  so  that  less  energy  is  required  to 
drive  them  round.  This  action  secures  the  provision  of 
the  extra  energy  required  when  the  printing  axle  is 
operated,  and  besides  prevents  the  instrument  from  in- 
creasing its  speed  during  the  intervals  of  inaction.  In  this 
way  the  speed  is  maintained  at  a  remarkably  constant  and 
uniform  value. 

The  general  speed  of  the  apparatus  depends  upon  that  of 
the  motor,  which  is  regulated  by  introducing  or  withdrawing 
resistance  placed  in  series  with  it.  For  this  purpose  a 
100"  slide  rheostat  is  provided. 

The  final  adjustment  is,  however,  made  by  turning  the 
milled  head  at  the  top  of  the  governor,  which  raises  or 
low^ers  the  bosses  upon  the  rods  carrying  them.  In  this 
way  tlie  "  braking  "  effect  may  be  varied  to  a  nicety. 


Earthing  of  the  Line  immediately  the  Armature  Rises. 

In  order  to  obtain  the  maximum  sensitiveness  it  is  essen- 
tial that  the  current  shall  only  rise  to  a  value  sufficient  to 
release  the  armature.  The  passage  of  a  large  current  would 
produce  trouble  due  to  residual  magnetism,  as  the  opposing 
magnetizing  force  exerted  by  tlie  current  would  not  totally 
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disappear.  In  that  case,  to  keep  the  armature  upon  the 
cores  when  replaced,  the  adjustment  would  have  to  be  of  an 
extremely  coarse  character. 

When  the  armature  a  rises  and  comes  into  contact  with 
the  lever  (Fig.  196)  the  line  is  earthed,  thus  short- 
circuiting  the  coils  of  the  electromagnet.  The  path  of  the 
current  is  first  of  all  tlirough  the  contact  lever,  through  the 
stud  K  and  the  spring  S,  and  so  through  the  coils  to  earth. 
The  armature  a  rises  and  strikes  sharply  against  the  lever. 
Immediately  this  contact  is  made,  the  line  path  of  the 
current  is  through  the  contact  lever  c  vi^  a  to  earth. 


Fio.  196.— Skeleton  connections  and  arrangement  of  Hughes  apparatus. 

The  connection  of  the  line  direct  to  earth  immediately 
the  instrument  has  been  actuated  greatly  facilitates  the 
discharge  of  any  charge  or  current  remaining  upon  the  line, 
and  therefore  increases  the  length  of  the  line  over  which 
the  system  can  be  worked. 


Electromagnet  Disconnected  whilst  the  Armature  is 
Replaced. 

The  electromagnet  circuit  is  broken  whilst  the  armature 
is  replaced  upon  the  cores  in  order  to  avoid  ill-effects  from 
the  E.M.F.  of  self-induction  which  is  thereby  generated. 
This  induced  E.M.F.  is  in  the  same  direction  as  the  current 
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which  caused  the  armature  to  rise.  Since  the  electro- 
magnet circuit  is  open  there  is  no  path  for  the  E.M.F.  to  act 
through,  and  consequently  no  effect  is  produced.  Were  a 
path  existing  the  ai*mature  would  fly  off  the  cores,  due  to 
the  demagnetizing  force  of  the  self-induction  discharge. 

Whenever  a  letter  is  printed  the  cam  P  upon  the  printing 
axle  makes  a  complete  revolution.  It  cxirrics  with  it  tlie 
pin  /f ,  thus  breaking  the  contact  existing  between  K  and 
the  spring  S,  This  disconnects  the  electromagnet  until  the 
cam  K  has  resumed  its  normal  position.  But  the  cam  P 
has,  during  the  earlier  part  of  its  revolution,  replaced  the 
armature  upon  the  cores  by  its  action  upon  the  lever  I.  It 
will  therefore  be  seen  that  the  electromagnet  circuit  is  open 
during  the  time  the  armature  is  being  replaced. 

Keyboard. 

From  inspection  of  Fig.  190  it  will  be  seen  that  the 
instrument  is  provided  with  28  keys  arranged  somewhat 
after  the  fashion  of  a  piano  keyboard.  The  shorter  black 
keys  are  raised  above  and  alternate  with  the  white  ones. 
The  first  and  sixth  white  keys  are  blank,  whilst  each  of  the 
remaining  keys  bears  two  characters.  These  two  blank 
keys  are  employed  for  the  change-over  from  letters  to 
figures,  or  vice  vei^sa,  and  are  known  as  the  "  letter  blank  " 
and  "  figure  blank  "  keys  respectively. 

The  Chariot. 

Twenty-eight  letter  pins,  which  may  be  raised  by  their 
respective  keys,  normally  rest  within  the  radial  slots  upon 
the  circular  plate  shown  in  plan  in  Fig.  199.  These  pins 
are  of  the  form  depicted  in  Fig.  197,  and  are  normally  held 
in  position  by  the  spiral  springs  attached  to  them.  The 
depression  of  a  key  raises  the  relative  pin  above  the  pin 
plate,  as  indicated  by  the  dotted  outline  at  M. 

The  chariot  revolves  with  the  type  wheel  axle  to  which  it 
is  geared  by  equal  bevel  wheels  and  maintained  in  intimate 
contact  by  the  upward  pressure  of  the  spiral  spring  S  (in 
compression).  The  chariot  axle  A  carries  a  radial  arm  0 
upon  the  end  of  which  the  rocking  lever  D  is  pivoted. 
The  outer  end  of  this  lever  is  directly  above  the  pins  in  the 
key  plate,  whilst  the  inner  end  is  connected  to  the  lipped 


THE  HUaUES 


379 


380 


TELEGRAPHY 


steel  collar  E  fixed  quite  loosely  upon  the  cliariot  axle  A, 
The  inner  end  of  the  pivoted  contact  lever  F  carries  a  pro- 
jection resting  upon  the  under-side  of  the  upper  lip  of 
the  steel  collar.  The  outer  end  normally  rests  upon  the 
contact  stud  G,  but  clear  of  H. 

The  chariot  sweeps  round  above  the  pins,  and  when  it 
meets  a  raised  pin  the  inner  end  of  the  rocking  lever  D  is 
depressed,  so  pulling  down  the  collar  E  which  raises  the 
end  of  the  contact  lever  from  the  stud  G  to  H.  As  //  is  in 
connection  with  the  battery  and  the  contact  lever  is  to  line 
a  current  is  sent  out  during  the  time  that  the  chariot  is 
passing  over  the  pin.  The  adjustments  of  these  contacts 
and  slots  are  quite  obvious  and  should  neeil  no  further 
comment. 

Thk  IIkji:ctor. 

When  any  particular  key  is  depressed  the  letter  or  char- 
acter it  represents  is  only  printed  once,  no  matter  how  long 
the  key  is  kept  down.*  Moreover  it  is  impossible  to  release 
a  pin  wliilst  the  chariot  is  actually  passing  over  it,  thus 
ensuring  that  every  current  sent  out  shall  be  of  precisely 

equal  duration  —  a 
matter  of  very  con- 
siderable importance. 
These  results  are  ob- 
tained by  the  "re- 
jector," so  called  on 
account  of  its  action  in 
rejecting  a  pin  over 
wliich  it  has  passed 
once  without  the  key 
l)eing  released.  It  is 
carried  upon  the  arm 
of  the  chariot  and  con- 
sists of  a  steel  plate  N 
of  the  shape  illustrated 
in  Fig.  198.  In  order 
to  prevent  the  breakage 

*  This  statcincnt  U  not  striotly  true  in  practice,  since  a  letter  may  be 
duplicated  by  dcprcssiiifr  key  too  b'glitly  (see  page  393).  By  forcing  a 
piece  of  cardboard  iR'twecn  the  letters  (/  and  ^/^  a  continual  call  is  given  to 
the  distant  station,  currents  being  transmitted  every  time  the  chariot 
paj»sfs  the  pins. 


Vui.  1  US. —Reject  or. 
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of  any  pin  which  happens  to  stick  the  forward  portion  of 
the  plate  is  secured  by  a  screw  passing  through  a  slot 
against  the  inner  end  of  which  it  is  normally  held  by  the 
spring  0.     This  gives  the  plate  a  certain  amount  of  play. 


Fio.  199.— Pin  plate  and  rejector. 

Referring  now  to  Fig.  197,  which  has  been  lettered  to 
accord  with  Figs.  198  and  199,  it  will  be  seen  that  the 
forked  chariot  arm  G  carries  the  contact  arm  D,  beneath 
which  is  the  rejector.  Immediately  the  forward  portion  of 
the  rejector  meets  a  raised  pin,  that  pin  is  held  until  the 
rejector  has  passed  it,  during  which  time  the  release  of  the 


382 


TELEGRAPHY 


key  in  connection  with  it  does  not  permit  the  pin  to  fail 
back.  When  the  back  end  of  the  rejector  has  passed  the 
pin,  it  is  already  pushed  back  beyond  the  reach  of  the 
contact  arm,  and  therefore  when  the  chariot  next  passes  a 
second  current  is  not  sent  out.  The  letter  may,  of  course, 
be  printed  twice  if  the  key  is  released  immediately  the 
chariot  has  passed  and  is  then  dej^ressed  again  before  the 
rejector  reaches  the  pin. 


Fig.  200.— Ty^e  wheel  axle. 


Number  of  Characters  which  can  be  Printed  per 
Revolution. 

The  mechanical  inertia  limits  the  number  of  characters 
which  can  be  printed  during  a  single  revolution  of  the 
type  wheel.  After  the  depression  of  the  letter  blank  key, 
the  next  letter  which  can  be  printed  is  E,  followed  by  J, 
0,  and  T,  i.  c.  every  fifth  letter.  The  chariot,  however, 
covers  three  pins  only  in  order  to  provide  a  working 
margin. 
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TiiK  Type  Wheel  Axle. 

The  type  wheel  axle  in  driven  by  the  motor  and  trans- 
mits the  motion  to  tlie  chariot  by  means  of  bevel  wheels. 
It  carries  three  wheels,  (1)  the  type  wheel,  (2)  the  correc- 
tion wheel,  and  (l^)  the  ratchet  wheel.  The  ratchet  wheel  R 
(Figs.  20()  and  201)  is  held  in  contact  with  the  collet  upon 
which  it  is  mounted  by  the  dished  disc  d.  The  collet  is 
secured  to  the  axle  by  the  screw  bj,  but  the  ratchet  wheel 


Fio.  201.— Correcting  and  ratchet  wheels ;  1)7)0  wheel  printing  letters. 

is  only  friction-tight  upon  it,  and  may  therefore  be  held 
stationary  whilst  the  axle  continues  to  revolve.  The  ratchet 
wheel  (Fig.  201)  is  engaged  by  the  paw4  F  fixed  to  the  face 
of  the  correcting  wheel  C.  By  means  of  the  pawl  P  the 
motion  of  thef  correcting  wheel  is  transmitted  through  the 
lever  L  to  the  tube  dj  which  is  rigidly  connected  to  the 
typo  wheel  2'  (Fig.  200).  This  tube  passes  over  the  type 
wheel  axle,  but  is  suflficieutly  loose  upon  it  to  prevent  the 
motion  of  the  axle  being  communicated.   Now  the  correcting 
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wheel  is  carried  upon  a  second  tube  which  fits  loosely  over 
the  type-wheel  tube.     It  will  therefore  be  seen  that : — 

1.  If  the  correcting  wheel  is  lield  the  type  wheel  axle 
may  continue  to  revolve,  whilst  the  ratchet,  correcting,  and 
type  wheels,  are  stationary. 

2.  Since  the  ratchet  wheel  drives  the  type  wheel  through 
the  pawl  upon  the  correcting  wlieel  and  the  lever  upon 
the  type  wheel  tube,  the  type  wheel  may  be  displaced 
with  respect  to  the  correcting  wheel  to  an  extent  which  is 
limited  by  the  two  positions  which  the  lever  may  occupy 
upon  the  pawl.  The  correcting  and  type  wheels  can  only 
be  moved  ^V  of  a  revolution  with  respect  to  each  other. 

3.  The  relative  position  of  the  ratchet  wheel  and  that  of 
the  type  wlieel  and  correcting  wheels  can  be  varied  to  any 
extent. 

4.  AVlien  the  click  G  is  raised  the  ratchet  wheel  may 
revolve  whilst  the  type  and  correcting  wheels  are  stationary. 

Change-over  from  Letters  to  Figures. 

The  object  of  the  arrangement  by  w^hich  the  type  and 
correcting  wheels  may  be  relatively  displaced  by  ^V  of  a 
revolution  is  to  provide  for  the  printing  of  figures,  signs, 
and  punctuation  marks  as  well  as  the  letters  of  the  alpha- 
bet. Consideration  will  at  once  show  that  the  provision  of 
a  separate  key  for  each  character  would  considerably  reduce 
the  speed  of  working. 

Instead  of  using  two  tyjie  wheels,  one  for  letters  and 
one  for  figures,  punctuation  and  other  signs,  a  single  wheel 
is  employed  with  the  letters  and  figures  placed  alternately. 
When  it  is  desired  to  print  figures  the  type  wheel  is  dis- 
placed to  the  extent  of  ^V  of  a  revolution.  Each  unit 
of  time,  equal  to  ..V  of  a  revolution  of  the  chariot, 
which  elapses  allows  the  type  wheel  to  turn  through  -jV  of 
a  revolution,  and  thus  the  alternate  characters  are  not 
printed.  For  instance,  in  printing  "  Jot  "  the  "  ?  "  before 
*'o"  and  the  "  X  "  before  "t"  are  passed  before  the 
respective  currents  arrive.  With  the  curt-ents  arriving 
with  the  same  time  intervals,  but  with  the  type  wheel 
displaced  -^V  revolution,  the  characters  printed  would  be 
"  0  (figure,  not  the  letter)  ?  X ."  The  56  characters  and 
spaces  upon  the  type  wheel  are  in  order  as  follows :— 


Blank  Blank  1^2B3C4D5B6F7G8H9I0J 
,K,L^,M:N'^0\F'Q  +  B-SxTIU=V  Blank 
Blank  {W)X&Y''  Z 

It  will  be  shown  later  that  the  position  of  the  type  wheel 
is  corrected  every  time  the  electromagnet  is  actuated. 
This  is  accomplished  by  the  correcting  cam  which  forces  its 
way  between  two  successive  teeth  upon  the  correcting 
wheel.     Now,  at  two  points  upon  the  type  wheel  blank 


Fio.  202. — Correcting  wheel.    Change-over  from  letters  to  flgares. 

spaces  are  left,  whilst  either  of  the  corresponding  positions 
upon  the  correcting  wheel  may  be  occupied  by  the  project- 
ing portions  of  the  "  figure-changing  lever."  Referring  to 
Fig.  201  it  will  be  seen  that  the  depression  of  the  first  or 
letter  blank  key  will  cause  the  cam  to  pass  between  the 
teeth  opposite  to  /.  As  there  is  no  character  upon  the  type 
wheel  at  the  point  which  is  directly  above  the  paper,  a 
space  is  produced.  If,  however,  the  correcting  wheel  had 
moved  so  that  the  right-hand  portion  of  the  change-over 
lever  was  opposite  the  correcting  cam,  then  this  cam  in 

c  c 
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passing  between  the  teeth  would  move  the  figure-changing 
lever  upwards,  thus  causing  the  lever  to  engage  the  back- 
ward notch  upon  the  pawl.  This  would  be  the  case  if  the 
figure  blank  key  w^as  depressed.  As  already  stated  this 
displaces  the  type  and  correcting  wheels  by  ^V  of  a  revolu- 
tion, 80  changing  over  from  letters  to  figures.  The  change 
back  to  letters  would  of  course  be  made  by  depressing  the 
letter  blank  key,  when  the  correcting  cam  would  reverse  the 
position  of  the  cross  lever  in  the  notches  of  the  pawl. 


Fio.  203. — Electromagnet  and  printing  axle  ratchet. 


Functions  Performed  as  the  Result  of  Releasing  the 
Armature. 

The  passage  of  a  current  through  the  electromagnet 
releases  the  armature,  and  this  upward  movement  is  em- 
ployed to  bring  about  a  mechanical  connection  between 
the  printing  driving  axle  and  the  printing  axle  proper. 
This  connection  causes  the  printing  axle  to  make  one  com- 
plete revolution,  and  to  disengage,  i.  e.  every  current  pro- 
duces a  single  revolution  of  the  printing  axle.  By  means 
of  suitable  cams  and  other  devices  in  connection  with 
this  axle  the  following  effects  are  produced  : — 

1.  The  position  of  the  type  wheel  is  corrected,  and  by 
the  same  action  the  change  from  letters  to  figures  or  vice 
versa  is  effected  when  required. 
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2.  The  slip  is  sharply  brought   into   contact  with  the 
type  wheel,  so  printing  the  letter. 

3.  The  paper  is  moved  forward. 

4.  The  armature  is  replaced  upon  the  electromagnet. 

5.  The  electromagnet  is  disconnected  until  the  armature 
has  been  replaced. 

Printing  Axle  Entrained. 
The  impact  of  the  annature  upon  the  pivoted  detent 


Fia.  204.— Correcting  cam  and  disconnection  of  the  electromagnet. 


lever  Z^  (Fig.  203),  depresses  the  further  end  of  the  lever, 
thus  releasing  the  click  D^  which  descends  upon  and 
engages  with  the  continuously  revolving  ratchet  wheel 
B^,  In  this  way  the  printing  axle  is  entrained,  but  when 
the  click  has  travelled  about  ^  of  the  revolution  it  reaches 
the  inclined  plane  E^,  The  momentum  it  has  acquired  is 
suflBcient  to  cause  it  to  ride  up  the  inclined  plane,  so 
disengaging  from  the  ratchet  wheel  and  finally  bringing 
it  back  to  its  normal  position  of  rest  against  the  projecting 
portion  of  the  detent  lever. 
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Replacement  of  the  Armatdre. 

Upon  the  central  portion  of  the  click  and  click-spring 
aims  an  eccentric  2\  projects  sufficiently  far  to  engage 
the  detent  lever  during  revolution.  It  will  therefore  be 
seen  that  the  eccentric  raises  the  detent  lever,  and  by 
means  of  the  screw  S^  replaces  the  armature  upon  the 
cores.  It  wiU  also  be  observed  that  the  detent  lever  is  in 
its  normal  position  before  the  click  disengages,  and  that 
it  is  therefore  impossible  for  the  click  to  over-shoot  its 
normal  position. 

Disoonneotion  of  the  Electromagnet. 

The  correcting  cam  Q  (Fig.  204)  normally  rests  upon 
and  makes  contact  upon  the  spring  B,  but  during  revo- 


■  PRINTING 
CORRE.CTING ^^  ^^-^^  PAPER  MOVEMENT 

Fio.  206. — Frinting  axle  cams. 

lution  this  contact  is  broken.  This  serves  to  break  the 
circuit  of  the  electromagnet  whilst  the  armature  is  being 
replaced. 

Printing  Axle  Cams. 

The  other  functions  performed  by  the  printing  axle  are 
effected  by  three  cams  attached  to  the  printing  aie.  They 
are  clearly  shown  in  Fig.  205,  and  the  function  of  each 
suitably  indicated. 

Correction  for  Synchronism. 

The  steel  correcting  cam  §,  which  is  carried  round  by 
the  printing  axle  engages  with  the  correcting  wheel,  and 
is  so  adjusted  that  when  the  type  wheel  is  in  its  correct 
position,   i.e,  when  the   letter  to  be   printed  is  exactly 
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parallel  with  and  wholly  in  contact  with  the  tape,  it  lies 
between  the  teeth  of  the  correcting  wheel  as  shown  by  the 
dotted  lines  in  Fig.  204.  If  the  wheel  is  slightly  behind 
the  position  it  should  occupy,  the  cam  strikes  the  forward 
tooth,  and  so  pulls  the  wheel  round  to  its  correct  position, 
always  provided  that  the  actual  and  the  correct  positions 
do  not  differ  by  more  than  half  a  tooth.  In  a  similar  way 
the  cam  piills  the  wheel  back  to  the  correct  position  if  the 
wheel  is  in  advance. 


Fio.  200. — Goneral  figure  of  type,  correcting  and  inking  wheels  and  printing  lever. 

The  correcting  cam  is  of  tempered  steel,  as  also  is  the 
correcting  wheel.  The  cam  can  readily  be  removed  and 
another  substituted  whenever  signs  of  wear  appear. 

Paper  Movement. 

Referring  to  Fig.  206  it  will  be  seen  that  the  printing 
lever  §i,  pivoted  at  m^  carries  a  second  lever  7,  known  as 
the  paper-moving  lever.  The  slip  is  carried  under  m 
over  G,  upon  which  it  is  pressed  by  the  fork  H,  In  the 
position  shown  the  paper  is  in  contact  with  the  type  wheel 
due  to  the  cam  D  having  completed  rather  more  tiian  half 
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a  revolution.  This  cam,  then,  working  in  the  forked  end 
of  the  printing  lever  raises  the  paper  against  the  type 
wheel  whenever  the  printing  axle  makes  a  revolution.  It 
should  also  be  noticed  that  at  the  moment  of  printing  the 
correcting  cam  is  exactly  midway  between  two  successive 
teeth  upon  the  correcting  wheel.  As  it  is  equal  in  length 
to  the  distance  between  the  teeth,  the  type  wheel  is  steadied 
and  this  no  doubt  conduces  towards  the  clearness  of 
printing. 

A  revolution  of  the  cam  E  causes  the  paper-moving  lever 
I  to  descend  to  its  lowest,  and  to  then  resume  its  normal, 
I)osition.  This  downward  movement  causes  the  pawl  J  to 
turn  the  ratchet  wheel  to  the  required  extent,  and  thus  to 
move  the  paper  forward.  As  the  paper  roller  is  contained 
upon  the  printing  lever  the  motion  of  the  paper  moving 
lever  does  not  withdraw  the  paper  from  the  type  wheel. 
The  conformation  and  positions  of  the  two  cams  are  so 
designed  as  to  reduce  the  speed  of  the  type  wheel  as  little 
as  possible  during  printing. 

Zero-Adjdsting  Lever. 

It  is  of  course  essential  that  a  means  of  stopping  and 
starting  the  instruments  at  zero  should  be  provided.  This 
is  effected  by  the  zero-adjusting  lever  Z  (more  usually 
termed  the  "  detent ") — origin  Detente  French  for  Trigger 
— ^which  is  to  be  seen  in  Fig.  206.  It  carries  two  arms  M 
and  Nf  the  former  bearing  a  wedge-shaped  projection. 

The  click  F  (Fig.  201)  which  engages  with  the  ratchet 
wheel  R  carries  a  pin  g  which  normally  clears  the  inclined 
plane  o  (Fig.  206)  carried  upon  the  spring  U,  But  when 
the  zero-adjusting  lever  is  depressed  the  wedge-shaped 
projection  of  the  arm  M  moves  the  plane  towards  the 
correcting  wheel,  so  that  the  pin  comes  into  contact  with, 
and  rides  up,  the  inclined  plane,  finally  resting  in  the  notch 
at  its  apex.  This  raises  the  click  F  (Fig.  201)  from  the 
ratchet  wheel,  so  disconnecting  the  correcting  and  type 
wheels.  The  momentum  which  the  combined  type  and 
correcting  wheels  have  acquired  is  sufficient  to  carry  them 
to  such  a  position  that  the  projection  upon  the  arm  N 
(Fig.  206)  banks  against  the  forward  side  of  the  notch  V, 
and  the  pressure  upon  the  adjusting  lever  is  sufficient  to 
complete  the  movement  already  described. 
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Now  the  wedge  and  the  inclined  plane  lock  together 
by  means  of  a  suitable  catch,  and  the  zero-adjusting  key 
therefore  remains  depressed.  At  this  point  the  letter  blank 
portion  of  the  type  wheel  stands  directly  above  the  paper. 

If  now  the  letter  blank  key  is  depressed  a  current  will 
be  sent  out  immediately  the  chariot  passes  over  the  letter 
blank  pin.  This  current  causes  the  printing  axle  to  revolve, 
thus  forcing  the  correcting  cam  between  the  teeth  of  the 
correcting  wheel,  thus  moving  it  forward  sufficiently  far  to 
permit  the  click  F  to  fall  upon  and  engage  the  ratchet  wheel. 
As  the  locking  between  the  arm  M  and  the  inclined  plane 
0  is  of  a  very  slight  character  the  connection  is  broken,  and 
the  pressure  of  the  spring  U  acting  upon  the  wedge  restores 
the  zero-adjusting  lever  to  its  normal  position. 

It  will  be  remembered  that  the  printing  at  the  sending 
station  is  effected  mechanically  by  an  extension  of  the 
chariot  contact  arm,  and  reflection  will  show  that  if  both 
instruments  are  slopped  by  means  of  the  zero-adjusting 
lever  both  will  be  started  at  the  zero  position  when  either 
station  depresses  the  letter  blank  key. 

Connections. 

The  full  connections  of  a  Hughes  instrument  are  depicted 
in  Fig.  207,  and  it  will  be  noticed  that  two  switches, 
respectively  termed  the  "  Hughes  "  and  "  motor  "  switches, 
are  provided.  The  functions  of  each  of  the  five  positions 
of  the  Hughes  switch  are  shown  in  the  following  table. 

Hughes  Switch. 


Position  of  Switch. 


1. 
5. 

2. 

4. 


*  Receive  -  " 
**  Receive  +  " 

"Regulate  - 
**  Regulate  + 


5    ** Duplex  sending' 


Functions  of  Switch  in  esch  position. 


} Determines  the  direction  in  which  the  coils 
of  the  electromagnet  are  connected 
between  line  and  earth. 

]  Disconnects  the  coila  of  the  electromagnet 
and  earths  the  line  through  the  *250«<» 
resistance  coil. 


It 

I 


Disconnects  the  coils  of  the  electromagnet 
and  changes  the  connections  so  that  the 
line  is  earthed  after  each  current  has  been 
sent  out. 
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When  the  direction  of  the  current  received  is  such  as 
to  increase,  instead  of  to  reduce,  the  magnetism  of  the 
electromagnet  cores,  the  Hughes  switch  at  the  receiving 


UNg 


Jlfisst- 


MOTOR  SWITCH 


HU6HES     SWITCH 


^    i^:      ^    1^    Kl    ra    F?^ 


MOTOR  ON         MOTOR  OFF 


fosmoNi 
Receive  - 


posaiONZ 
RMvunx- 


PD5ITI0N^  POSITION*  POSITIONS 

0PC5ENOIN«        ftfeULIOT'*-        RECEIVE -1- 


Fio.  207.— Connections  of  a  Hughes  set. 


end  is  turned  from  position  1  to  position  5  or  vice  vefsa. 
Reflection  will  show  that  the  provision  of  this  reversing 
arrangement  is  preferable  to  a  battery  reversing  switch, 
since  the  receiving  office  would  have  to  notify  the  sender 
that  his  battery  must  be  reversed. 
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The  two  positions  marked  "  regulate  "  produce  identical 
connections.  The  coils  are  disconnected  and  the  spring 
in  connection  with  the  correcting  cam  is  connected  to 
the  armature.  In  this  way  a  path  to  earth  through  the 
250*  coil  is  provided.  If  the  armature  is  upon  the  cores 
the  path  is  through  the  correcting  cam  and  spring,  but  if 
raised  then  the  path  is  vifi  the  armature. 

The  "  duplex  sending "  position  is  dealt  with  under 
duplex  working. 

The  motor  switch,  in  the  "  on  "  position,  joins  up  the 
electro-motor.  In  the  second  position  the  connections  are 
changed  so  that  the  rising  of  the  armature  connects  the 
"night  bell"  terminal  to  earth.  In  this  way  calls  are 
registered  during  the  hours  when  the  continuous  attendance 
of  an  officer  at  the  circuit  is  not  necessary. 

The  remaining  connections  are  quite  obvious  and  call  for 
no  further  comment. 


Manipulation. 

The  actual  manipulation  of  a  Hughes  instrument  needs  a 
very  considerable  amount  of  experience.  Firstly,  it  is 
necessaiy  to  acquire  the  correct  "  touch,"  since  by  pressing 
the  keys  too  heavily  the  pin  is  thrust  out  of  its  orifice,  and 
the  chariot  passes  over  without  sending  out  a  current. 
In8uffi,cient  pressure  usually  results  in  some  letters  being 
missed  and  others  duplicated.  Secondly,  it  is  essential 
that  characters  should  be  printed  as  frequently  as  possible, 
and  the  chariot  should  never  be  allowed  to  make  a  complete 
revolution  without  one  or  more  signals  being  sent  out. 
The  operator  feels  the  chariot  pass  over  the  raised  pin 
because  the  rejector  pushes  the  pin  outwards,  and  thereby 
allows  the  key  in  connection  with  it  to  slightly  descend. 
In  this  way  the  sender  is  apprized  of  transmission  of  each 
and  every  signal.  The  more  frequently  characters  are 
printed  the  more  often  is  the  type  wheel  corrected  for 
synchronism,  and  the  more  perfect  is  the  accord  between 
the  instruments.  So  soon  as  the  sender  begins  to  miss 
revolutions  there  is  risk  of  the  instruments  running  out, 
and  it  may  be  said  that  until  a  learner  is  able  to  finger  the 
ke3^  accurately  at  such  a  speed  as  never  to  miss  a  revolution 
it  is  impossible  for  him  to  work  a  circuit. 
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Conventional  Signals. 

In  the  practical  operation  of  the  apparatus  the  following 
conventional  signals  are  employed  : — 


Sigiml. 


*Blank  N  Blank  N 

Blank 
*  Blank  Blank 


R(  followed  by  figure) 
(word) 

*BlankEJOT  Blank 

E  J  0  T 
•Blank  I  N  S  Blank 

INS 
N  Blank  N  Blank 
♦Blank  I  T  Blank  I T 

IN 


Indicates. 


Call 


Un- 


All  right.     Yes, 
derstand. 

End  of  message. 

Number   of   messages 
received  in  last  batch. 

Word  or  words  between 
underlined. 

Wish  to  test  for  loss  of 
speed 

Wish  to  regulate  mag- 
net 

Correction,  rub  out. 

Wish     to    test     syn- 
chronism 

Used  to  interrupt  or 
stop  the  sender 


Reply  Signal. 


Blank    N    Blank    N 
Blank, 


Blank  E  J  O  T  re- 
peatedly. 

Blank  I  N  S  re- 
peatedly. 

Blanks  repeatedly. 

Both  stations  set 
tlieir  instruments  to 
zero. 


*  Those  signals  should  be  read  by  sound. 


Preparations  before  Connecting  the  Instrument 
TO  Line. 

Before  placing  the  apparatus  in  connection  with  the  line 
the  instrument  should  first  of  all  be  oiled,  care  being  taken 
to  use  the  oil  sparingly.  The  contacts  should  next  be 
examined  and  cleaned  if  necessary — all  paper,  dust,  etc., 
should  be  carefully  removed.  In  fact  absolute  cleanliness 
is  essential. 

The  electromagnet  should  now  be  adjusted  as  previously 
described  upon  page  374,  and  finally  the  apparatus  should  be 
tested  for  loss  of  speed.  Firstly  by  printing  Blank  INS 
in  one  revolution  and  then  Blank  E  J  0  T,  each  set  being 
continuously  repeated  several  times.  If  these  signals  are 
printed  satisfactorily  the  apparatus  may  be  connected  to  the 
circuit,  but,  if  not,  it  is  necessary  to  trace  and  remedy  the 
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defect.  This  may  be  due  to  a  variety  of  causes,  for  instance, 
it  would  be  produced  by  the  rejector  not  clearing  the  pins, 
abnormal  friction  at  several  points,  etc.,  etc.  There  should, 
however,  be  little  or  no  difficulty  in  locating  the  seat  of  the 
trouble. 

Here  it  may  be  well  to  point  out  that  signals  should 
never  be  sent  until  the  apparatus  has  attained  its  full 
speed,  since  damage  to  the  ratchet  wheel  and  its  click 
would  inevitably  result. 


Adjustment  for  Equality  of  Speed. 

The  instruments  having  been  connected  to  the  circuit  at 
each  end  it  is  first  of  all  necessary  to  adjust  their  speeds 
so  that  they  shall  correspond  as  nearly  as  possible.  This 
is  accomplished  by  receiving  a  series  of  "  blanks."  If  the 
home  instrument  is  running  faster  than  the  distant  one 
it  will  be  obvious  that  letters  will  be  printed  in  the  order 
ABCDEy  etc.,  instead  of  the  blanks  which  should  be 
recorded.  But  should  the  home  instrument  be  running 
too  slowly  ZYXWV  will  be  printed.  This  adjustment 
is  effected  by  means  of  the  thumb-screw  upon  the  governor 
which  raises  or  lowers  the  "  bobs,"  so  respectively  increasing 
or  decreasing  the  speed  as  desired. 

The  next  adjustment  is  made  as  follows : — The  distant 
station  sends  out  a  blank  at  every  revolution  of  the  chariot. 
At  the  receiving  end  the  current  is  cut  off  for  an  interval  of 
about  five  revolutions,  so  assuring  that  the  speeds  of  the 
two  type  wheels  differ  by  less  than  half  a  tooth  in  the  five 
revolutions.  Finally  the  current  is  cut  off  for  ten  revolu- 
tions, and,  if  the  blanks  continue  to  be  received  correctly, 
the  instruments  are  in  sufficiently  satisfactory  accord  for 
practical  working. 

The  final  adjustment  of  the  electromagnet  is  made  during 
the  reception  of  the  conventional  signals  "Blank  INS.^' 
This  adjustment  is  usually  of  a  very  fine  character  and 
is  made  by  means  of  the  screw  in  connection  with  the 
antagonistic  spring.  The  sliding  keeper  upon  the  electro- 
magnet should  not  be  employed  as  the  alterations  produced 
are  far  too  large.  It  should  be  borne  in  mind  that  the 
adjustment  of  the  electromagnet  is  of  vital  importance,  and 
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that  nine-tenths  of  the  faults  in  actual  practice  are  solely 
due  to  its  defective  adjustment. 

Effects  of  Retardation. 

Upon  a  long  circuit  there  is,  of  course,  a  considerable 
amount  of  retardation.  If  the  two  type  wheels  both  have 
their  blank  positions  above  the  paper  at  the  instant  when 
a  signal  is  sent  out  from  the  first  station  a  letter  will 
probably  be  printed  at  the  distant  station.  This  will  be 
due  to  the  fact  that  during  the  time  taken  by  the  current 
to  appear  at  the  distant  end  the  type  wheel  is  moving 
forward.  The  actual  time  may  readily  be  measured  by 
observing  the  letters  printed  when  each  station  alternately 
depresses  the  "letter  blank  key." 

In  practice  the  sole  qualification  for  satisfactory  working 
is  that  the  currents  transmitted  shall  not  merge  into  one 
another — the  actual  time  occupied  by  the  current  in  rising 
to  the  value  necessary  to  work  the  instrument  being  im- 
material. Supposing  that  the  retardation  amounted  to  a 
quarter  of  a  revolution  of  the  type  wheel  it  will  be  obvious 
that  the  distant  type  wheel  would  not  be  released  until  a 
quarter  of  a  revolution  later  than  the  sending  station's, 
hence  the  characters  would  be  received  correctly.  Upon 
the  other  hand  both  instruments  must  be  stopped  at  zero 
before  the  direction  of  sending  is  changed. 

The  speed  of  working,  which  is  directly  proportional  to 
the  speed  at  which  the  chariot  revolves,  varies  with  differ- 
ent circuits.  Upon  a  long  circuit  the  speed  has  to  be 
reduced  in  order  (1)  to  prevent  isolated  currents  being 
lost,  and  (2)  to  avoid  the  prolongation  of  a  series  of  closely 
spaced  currents  (e. g.  as  sent  when  signalling  ^*  INT^^).  In 
the  second  case  the  successive  currents  wotdd  merge  into 
one  another  owing  to  the  capacity  of  the  circuit  being  so 
large  that  the  earthing  of  the  line  is  insuflicient  to  clear  it 
of  charge.  Hence  the  charge  increases  in  value  with  each 
closely  spaced  current,  the  final  result  being  that  an  extra 
letter  or  two  is  printed  due  to  prolongation.^* 

*  If  the  reader  does  not  follow  this  statement  it  is  advisable  that  p.  318 
should  be  referred  to,  since  the  present  case  is  but  an  obvious  extension 
of  that  which  has  been  said  in  regard  to  the  speed  of  working  upon 
Wheatstone  circuits. 
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In  the  case  of  inland  circuits  the  speed  of  working  is 
limited  by  the  skill  of  the  operator,  and  is  about  220  letters 
(120  revolutions  of  the  chariot)  per  minute.  Upon  the 
London-Rome  circuit  the  speed  is  about  160  letters,  but 
in  this  case  there  are  four  repeaters  in  circuit  (Paris,  Lyons, 
Turin,  and  Florence). 

Hughes  Duplex. 

The  Hughes  apparatus  is  very  frequently  duplexed,  but 
invariably  by  the  bridge  method.  As  this  method  has 
received  ample  consideration  in  Chapter  X.  it  will  only  be 
necessary  to  indicate  the  features  which  are  special  to 
Hughes  working.  In  the  first  place,  signalling  condensers 
cannot  be  employed,  since  their  effect  in  clipping  the  first 
portion  of  the  received  signal  is  of  far  too  serious  con- 
sequence {vide  page  339).  They  cause  the  line  to  be 
charged  to  a  much  greater  extent  before  the  instrument  is 
actuated,  and  so  reduces  the  frequency  with  which  the 
signals  may  follow  each  other  without  running  together. 
This  more  than  balances  any  gain  from  the  point  of  view 
of  the  sending  end. 

Duplex  Resistance  Coim. 

The  duplex  resistance  coils  are  of  similar  design  to  those 
used  in  connection  with  Wheatstone  circuits,  but  are  wound 
to  a  resistance  of  1000" 
(instead  of  3000«)  per 
coiL 

Electromagnetic  du- 
plex coils  were  experi- 
mentally tried,  but  with- 
out sufficient  measure  of 
success  to  justify  their 
retention.  These  coils 
consist  of  a  differentially 
wound  electromagnet 
with  closed  magnetic 
circuit  (Fig.  208).  By 
this  arrangement  a  cur- 

rent    divi^ng    between  ^^«- ^'T^Siu^^^?.'*' '"^''^ 

the  line  and  compens- 
ation circuits  merely  experiences  the  resistance  of  the  coils 
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since  the  windings  oppose  each  other,  and  the  iron,  therefore, 
is  not  magnetized.  A  received  current  in  passing  through 
the  coils  in  series  magnetizes  the  iron,  and  therefore  the 
large  self-inductance  comes  into  play,  so  that  the  resistance 
of  this  derived  circuit  is  enhanced.  This,  of  course,  means 
that  the  first  part  of  the  received  current  flows  almost 
entirely  through  the  receiving  apparatus. 


SENDING  RECEIVING 

Fio.  209.— Principle  of  duplex  working  and  skeleton  connections. 


Eleotromagnetic  Leak. 

Another  device  which  has  been  employed  to  substitute 
signalling  condensers  is  termed  an  electromagnetic  leak. 
Upon  either  side  of  the  duplex  resistance  coils  an  earthed 
electromagnet  is  connected.  The  self-induction  produces 
an  effect  similar  to  that  of  a  signalling  condenser  by 
offering  a  very  high  resistance  to  the  first  portion  of  the 
sent  current,  whilst  its  ohmic  resistance  only  is  active  when 
the  current  has  attained  a  steady  state.  In  this  way  a 
heavy  rush  of  current  into  the  cable  results,  but  as  this 
proceeds  a  larger  and  larger  proportion  shunts  through 
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the  electromagnetic  leak.  Upon  cessation  or  reversal  of 
the  current  the  E.M.F.  of  self-induction  tends  to  help  the 
withdrawal  and  reversal  of  the  charge.  It  must,  however, 
be  confessed  that  the  results  obtained  from  this  de\dce, 
although  beneficial,  are  not  of  very  great  importance.  The 
device  has,  however,  f oimd  a  good  deal  of  favour  in  France, 
Germany  and  Switzerland,  and  has  been  much  developed 
by  M.  Godfroy,  who  designed  three  standard  types  : — 

No.  1.  50O  resistance  and  self-inductance,  variable  from 
10  to  40  henries. 

No.  2.  750"  resistance  and  self-inductance,  variable  from 
15  to  80  henries. 

No.  3.  1000"  resistance  and  seK-inductance,  variable  from 
20  to  120  henries. 

The  self-inductance  is,  of  course,  varied  by  adjusting  the 
distance  between  the  armature  and  the  cores  of  the  electro- 
magnet by  means  of  suitable  thumb-screws.  In  France 
the  use  of  these  leaks  at  either  end  of  long  circuits  is 
stated  to  have  made  it  possible  to  reduce  the  number  of 
repeaters  in  circuit.  Once  the  correct  value  of  the  self- 
inductance  required  has  been  obtained  the  adjustment  is 
not  again  interfered  with. 

The  device  is  in  use  upon  a  few  Wheatstone  worked  cable 
circuits  at  the  repeater  stations,  but  with  a  somewhat 
different  object.  It  has  never  been  used  to  any  considerable 
extent  by  the  Post  Office. 

Connections. 

The  connections  for  duplex  working  are  shown  in 
skeleton  in  Fig.  209.  It  will  be  noticed  that  a  resistance 
equal  to  the  internal  resistance  of  the  battery  is  employed 
to  prevent  disturbance  of  the  distant  balance  in  just  the 
same  way  as  that  used  in  the  single  current  sounder  duplex 
{vide  p.  237  and  Fig.  102).  The  internal  connections  of 
the  instrument  are  changed  to  those  shown,  by  turning  the 
Hughes  switch  to  position  3  {vide  Fig.  207).  The  signals 
sent  out  are,  of  course,  registered  mechanically  at  the 
sending  instrument  by  the  extension  upon  the  contact  arm. 
Immediately  the  contact  lever  falls  back  to  its  normal 
position  the  line  is  earthed  through  the  250"  resistance  and 
the  battery  coils,  the  former  being  short  circuited  instantly 
the  correcting  cam  and  its  spring  make  contact. 
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The  receiving  instrument  should  call  for  no  comment 
save  that  the  250"  coil  is  interpolated  between  line  and 
earth  when  the  armature  rises,  the  electromagnet  being 
thus  shunted  \. 

The  duplex  and  single  switch  is  of  the  6-bar  type  and  is 
equivalent  to  six  2-way  switcl^jes  operated  by  a  single  lever. 
Its  connections,  although  complex,  should  present  no 
difficulty. 

A  4-bar  switch  is  provided  so  that  the  two  instruments 
may  be  crossed  as  a  whole,  and  thus  either  may  be  used  for 
sending  or  receiving  as  may  be  desired. 

Balancing  is  effected  by  means  of  the  Morse,  which  is 
substituted  for  the  Hughes  apparatus  by  means  of  the 
6-terminal  2-position  switch.  Upon  international  circuits 
a  spring  receiver  is  employed  in  place  of  the  standard  relay. 
The  apparatus  is  also  employed  for  communications  with 
the  repeater  offices  upon  the  circuit. 

The  connections  of  the  apparatus  for  duplex  working  are 
shown  in  Fig.  210,  but  the  connections  of  the  first  five 
terminals,  which  are  necessarily  the  same  as  those  of 
Fig.  207,  have,  for  the  sake  of  simplicity,  been  omitted. 
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CHAPTER  XIII 
TELEGRAPH  SWITCHING  SYSTEMS. 

Introductory. 

IN  tlie  early  days  of  the  telegraph  the  Umschalter  switch 
was  employed  for  connecting  circuits  together  in  order 
that  messages  might  be  signalled  direct,  thus  avoiding 
the  labour  of  re-transmission.  This  practice  was  subse- 
quently abandoned,  but  within  recent  years  the  system  has 
been  re-introduced  in  a  modified  form.  Generally  speaking, 
telegraph  switching  may  correctly  be  regarded  as  the 
application  of  the  principle  of  the  telephone  exchange  to 
telegraph  circuits.  Up  to  the  present  time  it  is  not  pro- 
posed to  link  together  main  circuits,  nor  yet  local  to  main 
lines,  for  the  direct  transmission  of  messages.  The  objec- 
tion to  this  course  would  lie  in  the  serious  reduction  in  the 
message-carrying  capacity  of  the  long  and  costly  circuits. 
There  are  also  many  other  difficulties  to  be  overcome,  such, 
for  instance,  as  the  comparatively  unskilful  operating  of 
the  sub-office  assistant  as  compared  with  a  highly-trained 
and  expert  telegraphist. 

The  Post  Office  employ  two  switching  systems,  firatly, 
the  Concentrator,  and  secondly,  the  Intercommunication 
system  in  vogue  in  London.  The  former  has  for  its  object 
the  saving  of  space  and  economy  of  operating  charges  at 
the  Head  Offices  where  it  is  employed.  The  Inter- 
communication system  was  devized  in  order  to  expedite 
the  transmission  of  purely  loc^al  London  messages.  Whilst 
the  means  of  rapid  transit  from  point  to  point  of  the  City 
have  been  continuously  increasing,  the  telegraph  business" 
of  the  Central  Telegraph  Office  has  rapidly  expanded. 
This  growth  has  greatly  complicated  the  already  difficult 
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problem  of  the  rapid  internal  circulation  of  messages. 
It  will  be  obvious  that  these  unavoidable  delays  have  un- 
fortunately brought  the  time  of  transmission  of  a  local 
message  within  measurable  distance  of  the  time  occupied 
in  other  means  of  communication.  This  matter  assumed 
so  serious  an  aspect  that  a  remedy  had  to  be  found  without 
delay,  and  the  method  chosen^vas  to  arrange  for  an  inter- 
communication switch  at  the  Central  Telegraph  Office  by 
means  of  which  the  local  circuits  could  be  linked  together 
and  thus  signal  their  messages  direct  to  the  office  of  desti- 
nation, so  avoiding  the  delay  inseparable  from  transcription, 
sorting  to  the  particular  circuit  over  which  they  were  to  be 
resignalled,  and  the  re-transmission  itself. 


THE  CONCENTRATOR 

Introductory. 

In  the  larger  offices  there  is  a  number  of  circuits  upon 
which  the  traffic  is  under  150  messages  per  day.  These 
circuits  are  connected  to  the  concentrator,  where  they  each 
terminate  with  an  indicator  and  a  switch-spring  or  "  jack," 
as  it  is  frequently  termed.  A  number  of  sets  of  apparatus, 
which  can  generally  be  less  than  the  number  of  circuits,  is 
provided,  each  terminating  in  a  peg  with  which  connection 
can  be  made  to  any  of  the  circuits  upon  the  switch.  Im- 
mediately any  office  calls,  thus  actuating  the  indicator,  a  set 
of  apparatus  is  connected  to  the  circuit  by  the  switching 
clerk  and  the  message  is  received.  Messages  to  be  sent  to 
the  various  offices  are  similarly  dealt  with,  save  that  the 
switch  clerk  makes  the  required  connection  at  the  request 
of  the  operator  in  charge  of  the  set  of  apparatus  from  which 
the  message  is  to  be  signalled.  Means  are  provided  for  a 
signal  to  be  given  when  the  message  has  been  disposed  of, 
so  that  the  switch  clerk  may  disconnect  the  circuit  and  join 
up  any  other  requiring  attention. 

Generally  speaking  it  is  inadvisable  to  connect  more  than 
two  types  of  circuit  to  one  concentrator,  but  there  is,  of 
course,  no  electrical  reason  why  this  should  not  be  done. 
In  the  case  of  A.B.C.  circuits  the  indicators  are  of  the  non- 
polarized shutter  form,  whilst  fqr  single  needles,  double 
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plate  sounders,  and  sounders,  they  are  non-polarized  indi- 
cator relays.  The  working  sets  consist  of  three  types,  A. B.C. , 
double  plate  sounder  and  sounder,  the  latter  being  so 
arranged  as  to  work  either  single  or  double  current  as  may 
be  necessary. 

Recently  there  has  been  a  tendency  to  connect  fairly  busy 
circuits  to  the  switches,  allo<^ing  them  to  remain  plugged 
through  to  apparatus  sets  during  the  busy  hours  of  the  day. 


Fig.  211. — Non-polarizpd  indicator  relay, 


Fio.  212.— Polarized  indicator  relay. 


Indicator  Relays. 

The  non-polarized  indicator  relay  (Fig.  211)  consists 
firstly  of  an  electromagnet  with  a  soft  iron  armature  pass- 
ing under  the  left  and  over  the  right-hand  projecting  core, 
away  from  which  it  is  held  by  means  of  a  light  spiral 
spring,  the  tension  being  adjusted  by  the  vertical  screw  at 
the  top  of  the  instrument.  Secondly,  a  polarized  soft  iron 
needle  is  hung  between  the  cores  of  the  electromagnet,  and 
this  indicates  the  direction  of  the  current  flowing  through  the 
relay.  The  connections  of  the  coils  are  brought  to  two  brass 
bushes  insulated  from  the  base  of  the  relay,  whilst  the  arma- 
ture extension  carrying  the  contact  point  is  brought  to  the 
lower  right-hand  bush.  The  right-hand  contact  screw  is 
furnished  with  a  platinum  tip,  whilst  the  left  is  tipped 
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with  ivory.  The  two  lower  bushes  are  therefore  in  connec- 
tion with  the  local  circuit.  The  connections  are  made  by- 
means  of  screws  passing  through  the  bushes,  and  therefore 
serve  the  double  purpose  of  holding  the  indicator  in  posi- 
tion and  making  connections.  The  relay  is  furnished  with 
a  green  celluloid  front  plate — shown  by  the  dotted  lines — 
and  upon  this  is  engraved  the  name  of  the  circuit  to  which 
it  is  attached. 

For  purposes  of  comparison  the  polarized  indicator  relay 
is  shown  in  Fig  212.  The  main  point  of  difference  lies  in 
the  fact  that  the  armature  is  fixed  upon,  and  is  polarized 
by,  the  second  bar  magnet  S.  It  will  also  be  observed  that 
the  polarity  of  the  induced  needle  and  the  direction  of 
winding  the  coils  are  opposite  to  those  of  non-polarized 
instrument.  A  current  passing  from  left  to  right  deflects 
the  needle  U)  the  left  in  both  instruments.  The  non- 
polarized type  may  be  regarded  as  a  combination  of  a 
polarized  indicator  and  a  non-polarized  relay. 

The  Drop  Indicator. 

The  drop  indicator  is  used  for  A.B.C.  circuits  because  the 
needle  of  a  non-polarized  relay  would  vibrate  so  rapidly 
and  with  such  a  small  amplitude  that  the  signal  would  be 
very  indistinct  and  would  be  easily  overlooked.  The 
remedy  would  be  to  turn  the  handle  of  the  A.B.C.  very 
slowly  or  to  provide  a  totally  different  type  of  indicator. 
The  drop  indicator  is  the  more  satisfactory  remedy,  since 
the  falling  of  the  shutter  cannot  well  be  overlooked.  It 
consists  of  an  electromagnet  and  soft  iron  armature  held 
away  from  its  cores  by  a  spring.  The  armature  is  furnished 
with  a  projection  which  normally  holds  up  a  slightly  tilted 
shutter.  Immediately  the  armature  is  attracted  the  shutter 
falls,  so  calling  attention.  The  armature  is  also  furnished 
with  a  contact  point,  so  that  the  local  circuit  may  be  used 
to  ring  a  bell  when  continuous  attention  is  not  justified  by 
the  amount  of  traffic. 

Switch  Springs,  or  Jacks. 

The  switch  springs  employed  are  of  the  five-point  type 
and  consist  of  four  springs  and  a  body  or  foundation  which 
carries  the  tube  forming  the  entrance  for  the  peg.     The 
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four  springs  fit  into  straight  nicks  made  in  two  ebonite 
washers,  held  together  to  the  body  by  a  screw.  The  cir- 
cular brass  tube  fits  into  the  foundation  strip  of  ebonite,  to 
which  it  is  secured  by  a  screw.  Tlie  general  arrangement  is 
indicated  in  Fig.  213,  whilst  Fig.  214  indicates  the  con- 


Fia.  213.— 5-point  switch  spring. 

ditions  which  obtain  when  a  peg  is  inserted.  The  body  is 
not  used  in  the  system  under  consideration,  and  merely 
serves  the  mechanical  purpose  of  holding  the  peg  in 
position. 


Fig.  214.— Peg  iD.serted  in  a  switch  spring. 

Circular  Peg. 

The  circular  peg  employed  is  divided  into  two  sections, 
the  ball  or  tip  and  the  body.     The  metal  parts  of  the  peg 


Fig.  215.  -Two-section  peg  and  cord. 

are  made  in  three  parts.  The  part  A  (Fig.  215)  is  hollow, 
and  an  ebonite  sleeve  C  is  placed  inside  in  order  to  insu- 
late the  rod  JB,  upon  the  end  of  which  is  fixed  the  small 
ball  D.  Thus  the  screw  marked  E  is  in  connection  with 
the  tip  and  F  with  the  body  of  the  peg  A.     The  hollow 
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part  A  and  the  connections  E  and  F  are  covered  by  the 
peg  cover  G,  which  is  held  in  position  by  a  small  screw. 

Cords. 

The  cords  consist  of  two  twisted  strands  of  copper  tinsel 
on  a  silk  foundation  insulated  from  each  other  with  cotton, 
wrapped  outside  the  strands.  A  braided  covering  is  placed 
over  both  conductors.  It  may  be  remarked  in  passing  that 
the  exact  arrangement  of  the  cord  differs  with  different 
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Pio.  216.— CJonnectionfl  of  concentrator. 


makers,  but  that  a  thoroughly  satisfactory  cord  has  yet  to 
be  designed.  Formerly  an  iron  wire  was  wound  round  the 
insulated  conductors  beneath  the  braiding,  but  even  this  was 
not  effective.  In  later  types  of  cord  this  has  been  abandoned, 
with  the  result  that  modem  cords  are  slightly  thinner  than 
those  of  the  older  pattern.  The  point  at  which  nearly  all 
the  faults  occur  is  just  outside  the  junction  of  the  peg  and 
the  cord. 

Connections  and  Working  of  Concentrator. 
The  connections  of  the  concentrator  are  depicted  in  Fig. 
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216.  The  wires  from  the  various  stations  connected  to 
the  switch  are  joined  to  the  tags  of  the  cross  connection 
strip.  This  strip  consists  of  an  ebonite  block  to  which 
are  attached  a  number  of  tinned  brass  stampings.  This 
enables  the  whole  of  the  internal  wiring  to  be  carried  out 
at  the  I  actory. 

If  station  I.  works  his  key  a  current  flows  along  the  line 
through  switch  spring  I,  through  the  indicator  relay,  and 
to  earth  through  the  switch  spring  marked  "  Time."  This 
causes  the  indicator  relay  needle  to  vibrate,  and  also  closes 
the  local  circuit,  so  ringing  the  bell.  During  the  day-time, 
or  at  all  events  during  the  busy  hours  of  the  day,  continuous 
attention  is  given,  and  the  bell  is  cut  out  of  circuit  by 
means  of  the  two-way  switch,  the  vibration  of  the  needle 
being  a  sufficient  signal.     It  will  be  noticed  that  the  two 
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Fio.  217.— Apparatus  connections  for  concentrntor  sets. 


contacts  between  the  inner  and  outer  springs  of  the  switch 
spring  are  placed  in  parallel,  so  that  the  failure  of  one  of 
these  contacts  only  would  not  disconnect  the  circuit. 

Each  working  circuit  is  connected  to  a  two-way  peg,  and, 
upon  observing  a  call,  the  switch  clerk  takes  any  dis- 
engaged peg  and  inserts  it  in  the  switch  spring  in 
connection  with  the  calling  station.  This  is  shown  in  the 
case  of  circuit  III.  The  currents  from  station  III.  now 
pass  through  working  set  II.  via  the  following  path : — 
From  tag  3  through  the  short  spring  and  tip  of  the  peg, 
through  the  working  set  to  earth.  The  working  set  is 
joined  up  precisely  as  Fig.  217.  The  insertion  of  the  peg 
causes  the  outer  springs  to  break  contact  with  the  inner 
ones,  thus  disconnecting  the  indicator  relay  from  the  line. 
The  sleeve,  or  body  of  the  peg,  however,  now  joins  the 
indicator  relay  to  the  clearing  battery  and  press  button. 
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This  is  done  in  order  that  the  telegraphist  in  charge  of 
working  set  II.  may  actuate  the  indicator  relay  by  depress- 
ing the  button,  so  instructing  the  switch  clerk  to  disconnect 
the  circuit.      It  will  be  obvious  that  a  vibrating  needle 
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Fio.  218.— Connections  of  single  and  double  corrent  lines  and  working  seto. 

means  a  call  when  no  plug  is  inserted  in  the  switch  spring 
attached  to  the  line,  and  when  a  ping  is  inserted  it  means 
a  disconnecting  or  clearing  signal. 
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*'Time"  Arrangements. 

The  whole  of  the  indicators  are  connected  together  and 
pass  to  earth  through  the  "Time"  switch  springs.  By 
inserting  a  peg  in  this  switch  spring  the  whole  of  the 
circuits  upon  the  concentrator  are  bunched  together, 
and  thus  '*Time"  may  be  signalled  to  all  the  stations 
simultaneously  from  one  working  set. 

Battery  Power  and  Balancing  Resistances. 

The  resistances  of  the  various  local  circuits  which  it  is 
desired  to  connect  to  a  concentrator  usually  differ  very 
considerably.  Since  any  working  set  may  be  connected 
to  any  circuit  employing  the  same  type  of  apparatus,  it 
will  be  obvious  that  the  battery  power  (usually  provided 
by  universal  working)  upon  each  set  must  be  adequate  to 
work  the  longest  circuit.  The  circuits  of  lower  resistance 
would  consequently  receive  currents  very  considerably  in 
excess  of  the  proper  values.  Where  intermediate  offices 
were  in  circuit  much  difficulty  woidd  be  experienced  at  the 
terminal  station  owing  to  the  difference  between  the  currents 
received  from  the  head  office  and  from  the  intermediate 
station.  In  a  similar  manner,  difficulty  at  the  intermediate 
station  would  also  result.  In  order  to  avoid  these  diffi- 
culties, balancing  resistances  are  employed.  These  resist- 
ances are,  in  each  case,  equal  to  the  difference  between 
the  resistance  of  the  circuit  under  consideration  and  that 
of  the  highest  circuit  connected  to  the  switch.  They 
are  placed  in  the  receiving  circuits  of  the  terminal  stations 
in  order  to  economize  battery  power ;  for,  were  they 
placed  in  the  line  circuits,  it  will  be  obvious  that  the 
batteries  at  the  terminal  stations  would  have  to  be  corre- 
spondingly augmented.  As  the  line  current  from  the 
terminal  station  does  not  pass  through  the  balancing 
resistance,  the  power  employed  is  precisely  the  same  as 
that  required  when  working  with  a  set  specially  allotted 
to  the  circuit  at  the  Head  Office. 

For  obvious  reasons  A.B.C.  circuits  require  no  balancing 
resistances.  In  the  case  of  single  needles  the  resistance  is 
inserted  between  X  and  F,  whilst  in  relay  worked  apparatus 
{e.  g.  double  plate  sounder  and  single  and  double  current 
sounder)  it  is  placed  in  series  with  the  relay. 
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Where  a  circuit  to  be  connected  to  a  concentrator  has 
intermediate  oflSces,  the  battery  power  at  those  offices  must 
be  increased  sufficiently  to  provide  for  the  effect  of  the 


Fio.  210. — Sectional  side  view  of  concentrator 
fixed  upon  an  inBtrument  table. 


Fio.  220.— Front  view  of  concentrator. 


balancing  resistance  at  the  terminal  station.  In  such  cases 
the  power  employed  at  the  intermediate  station  exceeds 
that  used  at  the  terminal  station. 
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Single  and  Double  Current  Circuits  Connected  to  the 

Switch. 

Where  it  is  required  to  connect  both  single  and  double 
current  sounders  to  a  concentrator  the  "  electrical  clearing 
signal "  has  to  be  sacrificed.  A  special  6-terminal  single 
current  key  is  employed  upon  the  working  sets,  and  the 
short  spring  of  the  switch  spring  is  used  to  join  up  the 
spacing  battery  or  not,  according  to  whether  the  circuit  is 
single  or  double  current.  In  the  former  case  it  will  be 
seen  that  the  receiving  relay  is  put  to  earth  even  when  the 
switch  is  to  **  send."  In  the  latter  the  spacing  battery  is 
joined  up  to  the  key.  This  should,  however,  be  quite 
apparent  from  Fig.  217. 

General  Arrangement. 

The  general  arrangement  of  the  switch  itself  is  clearly 
indicated  by  Figs.  210  and  220. 


LONDON  METROPOLITAN  SWITCHING  SYSTEM. 

Number  of  Circuits  Required. 

The  system  has  been  designed  to  deal  with  the  whole 
of  the  purely  local  traffic  by  direct  transmission,  but  it  will 
at  once  be  obvious  that  traffic  to  and  from  offices  not 
connected  to  the  switches  with  switch  offices  has  to  be 
provided  for.  In  other  w^ords,  besides  intercommunication 
similar  arrangements  to  those  described  in  the  case  of  the 
concentrator  are  also  required.  For  this  latter  purpose 
2(X)  working  sets  will  ultimately  be  required.  The  number 
of  circuits  connected  to  the  switch  is  as  follows — 

300  switch  wires  to  offices  which  only  collect  telegrams. 
650  switch  wdres  to  offices  which  both  collect  and  deliver 

telegrams. 
200  working  sets  for  sending  and  receiving  messages 

which  cannot  be  dealt  with  by  through  switching. 

This  gives  a  total  of  1150  circuits  to  be  connected  to 
the  switch,  but  of  these  300  are  for  traffic  inwards  to  the 
switch  and  are  not  required  to  be  used,  save  in  exceptional 
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circumstances,  for  outward  traffic.  It  is  therefore  oecessary 
to  arrange  for  850  circuits  to  be  capable  of  being  connected 
to  each  other  in  both  directions,  whilst  the  remaining  300 
need  only  be  capable  of  being  connected  to  any  of  the  850 
circuits,  but  not  to  each  other. 

Many  of  the  larger  offices  have  sufficient  traffic  to  and 
from  non-switch  stations  to  fully  occupy  one  or  more  direct 
wires  to  the  Central  Telegraph  Office.  Accordingly  a 
suitable  number  of  such  circuits,  usually  duplexed,  is 
provided  in  each  case. 

Each  office  is  designated  by  a  number,  and  suitable 
street  lists,  showing  the  offices  to  which  messages  for  every 
address  within  the  metropolitan  area  should  be  sent,  are 
provided  at  each  office. 

Multiple  Switch. 

Thirty-six  switch  clerks  are  employed  to  perform  the  work 
of  connecting  the  various  circuits  together  in  accordance 
with  the  calls  received.  Each  clerk  is  given  a  certain 
number  of  these  circuits,  and  is  responsible  for  answering 
and  attending  to  every  call  from  them.  The  group  of 
circuits  allotted  to  any  operator  is  known  as  the  "  Home  " 
section  of  that  particular  board. 

It  will  be  seen  that,  since  any  one  of  these  circuits  may 
require  to  be  connected  to  any  other  of  the  850  circuits, 
each  of  them  must  be  within  reach  of  every  switch  clerk. 
This  condition  is  readily  satisfied  by  the  adoption  of  the 
principle  of  the  multiple  switch-board  which  is  used  in 
all  the  larger  telephone  exchanges.  Allowing  2'  6"  as  the 
sitting  accommodation  for  each  switch  clerk,  and  7'  6''  as  the 
total  space  occupied  by  a  complete  switch-board  at  which 
three  operators  are  seated,  it  will  bo  seen  that  the  central 
operator  would  readily  be  able  to  reach  to  the  furthest 
extent  of  the  switch-board  both  to  the  right  and  to  the  left. 
If,  therefore,  the  whole  of  the  850  circuits  are  placed  upon 
one  of  these  complete  switch-boards,  every  circuit  will  be 
within  the  reach  of  the  centre  switch  clerk,  whilst  the  out- 
side switch  clerks  will  respectively  be  able  to  reach  the  first 
and  last  thirds  of  the  adjacent  boards,  which  are  of  pre- 
cisely similar  construction.  At  the  beginning  of  the  boards 
the  last  third  would  have  to  be  repeated  for  the  use  of  the 
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first  switch  clerk,  whilst  at  the  end  the  first  third  would 
have  to  be  placed  immediately  upon  the  right  of  the  last 
complete  board.  In  this  way  every  one  of  the  850  offices 
would  be  within  the  reach  of  each  switch  clerk. 

Need  for  the  Engaged  Test. 

Since,  however,  there  are  ten  complete  boards  the  850 
circuits  will  have  to  appear  upon  each  of  the  boards,  and 
an  indication  as  to  whether  the  circuits  are  engaged  or  free 
will  be  essential.  For  instance,  circuit  562  might  be  con- 
nected by  switch  clerk  No.  1  to  one  of  the  "  Home  "  circuits 
upon  that  board,  and  at  the  same  time  might  be  required 
by  switch  clerk  No.  20  for  connection  to  one  of  the  "  Home  " 
circuits  which  terminate  upon  that  board.  In  order  to 
avoid  this  difficulty  a  small  lamp  indicator  is  placed  above 
each  switch  spring,  and  these  lamps  are  simultaneously 
lit  upon  all  the  multiple  sections  immediately  the  circuit 
to  which  they  refer  is  connected  by  any  of  the  switch 
clerks. 

Method  of  Operating. 

Before  entering  upon  the  description  of  the  electrical 
arrangements  required  for  the  working  of  the  intercom- 
munication system  it  is  essential  that  the  method  of 
operating  should  be  clearly  apprehended.  Each  office 
connected  to  the  switch  is  represented  by  a  miniature 
electric  lamp,  for  indicating,  and  by  a  switch  spring  for 
answering  a  call.  At  the  out-station  an  "  indicator  key  " 
is  provided,  which  is  depressed  when  attention  is  required. 
This  key  causes  the  calling  lamp  at  the  switch  to  light,  and 
so  advises  the  switch  clerk  that  attention  is  required.  In 
addition  to  this  every  office  is  connected,  as  already 
mentioned,  to  a  number  of  switch  springs,  so  arranged 
that  every  office  is  within  the  reach  of  each  operator  for  the 
purpose  of  making  a  connection  from  the  offices  for  whose 
calls  that  switch  clerk  is  responsible  to  any  circuit  con- 
nected to  the  switch.  The  connections  are  made  by  means 
of  pairs  of  pegs  and  cords  in  connection  with  each  of  which 
is  a  speaking  key  and  a  clearing  lamp,  the  former  for 
bringing  into  circuit  the  switch  operator's  sounder  and 
Morse  key  required  for  receiving  and  answering  calls,  and 
the  latter  for  indicating  the  conclusion  of  the  transaction. 
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The  switch  clerk  upon  observiDg  a  call  takes  a  peg  and 
inserts  it  in  the  adjacent  switch  spring  which  is  connected 
with  the  calling  station.  This  operation  puts  out  the 
calling  lamp,  and  releases  a  visual  shutter  on  the  indicator 
key  at  the  out-station,  thus  indicating  that  the  call  is  being 
attended  to.  The  switch  clerk  moves  over  the  speaking 
key,  corresponding  to  the  peg  used,  thus  bringing  intc> 
crircuit  her  Morse  sounder  and  key.  Immediately  the 
out-station  observes  that  the  indicator  key  is  released,  the 
number  of  the  office  with  which  connection  is  required  is 
signalled  continuously  in  abbreviated  figures.  The  switch 
clerk  listens  to  at  least  two  repetitions  of  the  number,  in 
order  to  avoid  error,  then  makes  the  required  connection 
with  the  second  peg  of  the  pair,  and  restores  the  speaking 
key  to  normal.  The  two  offices  are  then  in  communication 
and  the  message  is  signalled  direct. 

Upon  completion  of  the  message  the  indicator  keys  at  both 
out-stations  are  pressed,  and  this  lights  a  lamp  attached  to 
the  pair  of  cords  with  which  the  connection  has  been  made. 
This  serves  as  an  instruction  to  the  switch  clerk  to  sever 
the  connection,  which  is  done  as  speedily  as  possible.  The 
indicator  keys  are  thereby  released  at  both  offices,  showing 
that  a  new  call  may  now  be  made  by  either.  In  fact  the 
conditions  are  then  exactly  as  they  were  before  the  con- 
nection was  made,  i.  e.  the  calling  lamps  and  relays  are 
again  joined  up. 

In  order  to  save  work  and  time  on  the  part  of  the  switch 
operator  all  connections  required  for  the  working  sets  at 
the  Central  Telegraph  Office  itself  are  made  by  means 
of  the  Morse  key  instead  of  by  the  indicator  key.  The 
call  "  r  S "  causes  the  calling  lamp  to  flicker  instead  of 
giving  a  continuous  glow.  The  switch  clerk  upon  seeing 
a  flickering  glow  merely  connects  the  circuit  to  a  working 
set  without  speaking.  Such  connections  are,  of  course, 
required  whenever  the  message  is  for  an  office  not  connected 
to  the  switch-board. 

It  may  be  noted  that  since  a  connection  to  any  office 
may  be  made  by  any  switch  clerk  it  is  necessary  to 
provide  a  means  by  which  it  can  be  indicated  whether 
the  circuit  is  engaged  or  free.  This  is  accomplished  by  a 
small  lamp  indicator  placed  above  each  switch  spring. 
This  lamp  is  lit   whenever    a  peg    is    inserted  in    any 
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switch  spring  connected  to  this  particular  office,  and  the 
switch  clerk  can  therefore  see  at  a  glance  whether  any 
particular  circuit  with  which  connection  is  required  is 
engaged  or  free.  In  the  former  case  the  "MQ  "  signal  is 
given  to  the  calling  office,  and  a  second  request  is  made 
later  on  ;  after  a  message  has  been  offered  three  times  with- 
out result,  special  steps  are  taken  by  the  switch  clerk  to 
obtain  the  connection  as  quickly  as  possible. 

Before  passing  on  to  the  principal  electrical  arrangements, 
it  is  proposed  to  describe  some  of  the  more  important  pieces 
of  apparatus  used  in  conjunction  with  this  system. 

Polarized  Sounder. 

The  polarized  sounder  (Figs.  221,  222  and  223)  is  an 
instrument  which  may  be  used  in  place  of  a  single  needle 
dial,  a  relay  and  sounders  (in  the  case  of  the  double  plate 
sounder),  a  directly  worked  sounder,  or  a  sounder  with 
relay  (either  single  or  double  current),  and  either  simplex 
or  duplex.  It  can  only  be  used  where  a  loud  sound  is  not 
required,  and  it  would  therefore  be  of  little  service  in  a  large 
instrument  room  where  many  ordinary  sounders  were  in  use 
in  adjacent  positions.  At  sub-offices,  however,  its  use  could 
certainly  be  greatly  extended.  Its  use  in  place  of  a  single 
needle  dial  or  a  double  plate  sounder  is  sufficiently  obvious. 
By  giving  it  a  bias  to  one  side,  so  that  it  permanently  rests 
upon  one  sounding  piece,  it  maybe  used  in  place  of  a  sounder. 
It  would  under  such  conditions  require  a  comparatively 
small  current,  and  could  therefore  be  economically  worked 
direct  over  the  longest  of  minor  circuits.  Without  bias  and 
without  the  springs  holding  the  needle  in  the  centre  it 
can  readily  be  used  for  double  current  working.  Since 
it  is  differentially  wound  it  could  be  used  for  duplex 
working.  It  is,  however,  in  connection  with  the  inter- 
communication system  that  the  instrument  has  been  most 
extensively  employed.  Its  external  appearance  has  been 
slightly  modified,  and  it  is  singly  wound  to  a  resistance 
of  5400*' ,  with  a  27,000*-  shunt  *^(joint  resistance  4500** ) 
instead  of  differentially  to  a  resistance  of  200"  (100"  per 
coil).  It  is  used  as  a  directly  worked  double  current 
instrument. 

The  electrical  and  magnetic  parts  of  the  appara,tuB  are 
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clearly  shown  in  Fig.  223.  They  consist  of  an  electromagnet 
with  a  polarized  soft  iron  armature  connected  to  the  striker 
in  front  of  the  dial.  The  inducing  magnet  makes  the  ends 
of  the  cores  into  South  poles,  whilst  the  ends  of  the  arma- 
ture are  made  North  by  induction  (Fig.  222).  The  passage 
of  a  current  through  the  electromagnet  causes  the  armature 
to  be  strongly  attracted  by  one  core  and  repelled  by  the 
other.  The  springs  hold  the  armature  and  hence  the 
striker  in  a  central  jjosition.  Without  them,  the  armature 
would  remain  upon  either  side  in  just  the  same  way  that 
the  tongue  of  a  relay  when  set  neutral  will  remain  in 
contact  with  the  stop  against  which  it  is  placed. 

CENTI^AL  OFFICE  SWITCH  ..K../»«rf-^  •Oy^V- 1 


Fia.  224. — Skeleton  connections  of  a  circuit  ntider  normal  conditions.    (Notk. — The 
power  connected  to  the  line  relay  has  recently  been  raised  from  24*  to  86».) 

The  Indicator  Key. 

x^nother  piece  of  apparatus  which  calls  for  a  brief  descrip- 
tion is  the  "  indicator  key  50"  "  which  is  depicted  diagram- 
matically  in  Figs.  224  and  225.  When  this  key  is  depressed 
a  contact  is  made  between  the  lever  and  the  stop,  and  the 
current  flowing  through  the  coils  of  the  instrument  then 
keeps  the  armature  attracted,  and  the  circuit  is  maintained 
until  the  current  is  removed.  The  armature  then  flies 
back  and  the  indicator  key  circuit  is  broken.  Attached  to 
the  lever  of  the  key  is  a  disc  divided  into  12  parts  alter- 
nately white  and  black.  Above  this  is  placed  a  black 
plate  with  spaces  cut  out  so  as  normally  to  show  the  black 
parts  of  the  key  disc.  When  the  key  is  depressed  the  disc 
is  rotated,  and  the  white  parts  are  seen  through  the  holes 
in  the  upper  disc. 

The  construction  of  the  instrument  resembles  the  non- 
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polarized  relay  used  in  conjunction  with  P.  0.  telephones, 
with  the  addition  of  the  plunger  and  a  wide  space  between 
the  normal  and  marking  contacts  of  the  tongue.  The 
plunger  carries  a  suitable  spring  to  return  it  to  the  normal 
position  immediately  the  current  is  interrupted. 

Other  Apparatus. 

The  pegs,  cords,  and  switch  springs  are  somewhat  similar 
to  those  described  in  the  case  of  the  concentrator,  but  the 
pegs  and  switch  springs  are  of  a  simpler  and  smaller  type. 

The  translating  relays  are  upon  page  190. 
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Fio  226.— Skeleton  connections  of  circuit  when  two  offices  are  connected  together  at 
the  switch.  (Notk.— The  power  ui  on  the  negative  .side  of  the  battery  haa  recently 
been  raised  from  24*  to  3C'.) 


Connections  of  a  Disengaged  Circuit. 

The  skeleton  connections  of  a  circuit  under  normal 
conditions  are  depicted  in  Fig.  224.  Normally  a  perma- 
nent current  of  G  m.a.  flows  over  the  circuit  from  the  36 
volt  battery,  lliis  current  has  no  eflFect  upon  the  com- 
paratively unsensitive  line  relay,  but  it  is  sufiicient  to 
produce  a  deflection  upon  the  polarized  sounder.  If  the 
indicator  key  is  now  depressed  the  resistance  of  the  circuit 
is  reduced  by  very  nearly  550O* ,  which  increases  the  value 
of  the  current  to  55  m.a.,  so  actuating  the  line  relay  and 
also  holding  over  the  armature  of  the  indicator  key.  The 
permanent  closing  of  the  local  circuit  of  the  line  relay 
lights  the  calling  lamp,  thus  signifying  that  a  connection 
with  an  office  upon  the  switch  is  required.  If  instead  of 
closing  the  indicator  key  the  Morse  key  had  been  worked  the 
current  would  only  have  been  increased  to  24  m.a.,  but  this 
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cun-ent  is  quite  sufficient  to  work  the  line  relay,  and  therefore 
the  call  "  T/S  "  would  have  produced  a  flickering  glow  upon 
the  calling  lamp,  so  indicating  that  the  message  was  for  an 
office  not  connected  to  the  switch,  and  would  therefore 
have  to  be  received  on  one  of  the  working  sets. 

Two  Circuits  Connected  Together. 

Immediately  the  switch  clerk  pegs  into  one  of  the  switch 
springs  on  the  calling  line,  the  calling  apparatus  in  connec- 
tion wath  this  line  is  cut  out  of  circuit,  the  engaged  indicator 
is  actuated  upon  each  of  the  multiple  switch-sections,  and, 
by  a  momentary  disconnection  of  the  battery,  the  out  station's 
indicator  key  is  released.  The  speaking  key  is  turned  to  the 
"  speaking  "  position  and  the  call  is  thus  received  upon  the 
switch  clerk's  sounder.  If  the  called  office  is  disengaged 
(shown  by  the  lamp  indicator),  the  second  peg  of  the  pair  is 
thrust  into  the  switch  spring  of  that  office  upon  the  mul- 
tiple. The  speaking  key  is  then  returned  to  the  normal 
position,  and  the  conditions  depicted  in  Fig.  225  result. 
A  spacing  current  flows  over  both  lines  from  the  36  volt 
battery  via  the  following  paths  : — from  the  positive  pole  of 
the  36  volt  battery  to  earth,  through  lOOO*  resistance  coil 
at  station  I.,  through  the  polarized  sounder,  along  the  line, 
through  the  contacts  of  relay  I.,  through  relay  11.,  through 
the  clearing  relay  to  the  negative  pole  of  the  battery.  The 
path  to  station  II.  is  similar,  save  that  the  current  passes 
through  the  contacts  of  relay  II.  and  through  relay  I, 
There  is  therefore  a  spacing  current  of  about  6  m.a.  upon 
each  line  which  ser\'es  to  hold  the  polarized  sounders 
against  the  pins  of  the  left-hand  sounding  pieces,  but  which 
is  not  sufficient  to  actuate  either  the  translating  or  clearing 
relays.  If  now  station  I.  works  his  key  the  resistance  of  the 
circuit  is  reduced  by  4500"  when  the  key  is  depressed,  since 
the  polarized  sounder  is  then  short  circuited.  This  increases 
the  current  through  relay  II.  to  24  m.a.,  which  causes  the 
armature  to  descend.  This  connects  the  positive  pole  of 
the  40  volt  battery  through  1000**  and  the  lever  of  relay 
II.  to  line  2,  so  reversing  the  direction  of  the  current 
received  at  station  II.  It  will,  therefore,  be  seen  that 
when  the  key  at  station  I.  is  worked  translating  relay 
2  is  actuated  in  accordance  with  the   signals  sent  from 
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the  key,  and  that  this  sends  out  double  current  signals 
to  station  II.  The  working  may  therefore  be  described  as 
single  current  to  the  switch  from  the  sending  station  and 
double  current  from  the  switch  to  the  receiving  station. 
When  station  II.  depresses  his  key  relay  I.  is  actuated  and 
double  currents  are  sent  to  station  I.  Since  a  current  of 
about  50  m.a.  is  needed  to  work  the  clearing  relay,  it  will 
be  seen  that  it  also  is  unaffected  by  any  of  these  currents. 

Clearing  Signal. 

When  the  message  has  been  completed  both  offices 
depress  their  indicator  keys,  so  actuating  the  clearing  relay 
and  lighting  the  lamp.  The  action  is  slightly  different  at 
the  switch  and  depends  upon  which  of  the  two  stations 
first  depresses  his  indicator  key.  If  station  II.  is  first,  then 
the  clearing  relay  is  actuated  through  the  coils  of  relay  I., 
contacts  of  relay  11.  and  through  the  depressed  indicator 
key  to  earth  and  back  to  the  battery.  The  value  of  the 
current  is  60  m.a.,  and  the  circuit  of  the  indicator  key  is 
continuously  maintained.  The  descent  of  the  armature  of 
relay  I.  puts  a  marking  current  due  to  40  volts  on  the  line 
I.,  and,  when  the  indicator  key  is  depressed,  the  current  rises 
from  6  to  32  m.a.,  which  holds  over  the  indicator  key. 
Similarly  if  station  I.  first  depresses  his  indicator  key.  No. 
2  translating  relay  is  actuated ;  this  will,  however,  be 
obvious.  Immediately  the  clearing  signal  is  observed  the 
pegs  are  withdrawn,  the  indicator  keys  are  thereby  released, 
and  the  conditions  of  Fig.  224  restored. 

Speaking  Apparatus. 

The  switch  clerk's  speaking  apparatus  consists  of  a  key 
and  a  relay  and  sounder.  The  key  earths  both  the  trans- 
lating relays  when  depressed,  thus  causing  both  armatures 
to  descend,  and  so  sending  out  a  marking  current  to  both 
stations,  or  to  only  one  of  them  if  only  one  peg  is  inserted. 
The  speaking  relay  is  joined  up  in  place  of  the  clearing 
relay,  by  means  of  the  speaking  key  on  each  pair  of  pegs 
and  cords,  and  is  thus  actuated  in  accordance  with  and 
when  either  of  the  translating  relays  are  worked  by  the 
stations. 
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Collecting  Offices. 

It  has  previously  been  pointed  out  that  there  are  a  number 
of  offices  wliich  only  collect  and  do  not  deliver  messages. 
In  such  cases  connections  to  these  offices  are  but  seldom 
required,  and  therefore  it  is  unnecessary  to  connect  them  to 
the  multiple  sections  of  the  switchboard.  Each  of  these 
circuits  terminates  in  a  peg  furnished  with  a  speaking  key 
and  a  lamp  which  does  duty  both  as  a  calling  and  as  a  clearing 
signal.  Tlie  depression  of  the  indicator  key  lights  the 
lamp  and  the  switch  clerk  then  enters  the  circuit  by  means 
of  the  speaking  key.  After  ascertaining  the  number  of  the 
office  with  which  connection  is  required,  the  peg  is  lifted 
from  its  place  and  the  calling  lamp  is  at  once  darkened. 
This  is  accomplished  by  a  socket  contact  which  is  broken 
when  the  peg  is  in  its  normal  position,  and  which  is  made 
when  the  peg  is  raised.  The  peg  is  then  inserted  in  the 
switch  spring  of  the  called  line,  the  speaking  key  is 
returned  to  normal  and  conditions  somewhat  similar  to 
those  of  Fig.  225  obtain.  The  difference  lies  in  the  fact 
that  the  lamp  and  its  relay  serve  the  double  purpose  of 
calling  and  clearing.  When  the  indicator  keys  are  depressed 
this  lamp  is  lighted  and  the  connection  is  severed.  The 
advantage  of  this  arrangement  is  that  the  operation  of  in- 
serting the  first  peg  of  a  pair  in  the  home  switch  spring 
is  saved.  It  may  therefore  be  said  that  one-half  of  tJie 
operation  is  already  done  wlien  single  cord  working  is 
adopted. 

Engaged  Test. 

The  principle  of  the  engaged  test  is  shown  in  Fig.  226. 
When  a  peg  is  inserted  in  any  switch  spring  the  body  of 
the  peg  connects  the  body  of  the  switch  spring  to  its  long 
spring.  In  this  way  the  double-tongued  *'  cut  off"  relay  is 
actuated,  so  cutting  out  the  calling  apparatus  and,  at  the 
same  time,  actuating  all  the  "  engaged  "  indicators.  In 
the  event  of  the  failure  of  this  "  engaged  "  device  the  con- 
dition of  any  circuit  can  be  ascertained  by  touching  the 
bush  of  the  switch  spring  with  a  peg  connected  to  an 
earthed  lamp.  If  engaged,  the  30  volt  battery  being  con- 
nected to  the  bush  of  the  switch  spring,  therefore  causes  the 
earthed  lamp  to  glow  when  connected  by  tapping  with  this 
special  peg  provided  for  the  purpose. 
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There  are  certain  cases  in  which  two  offices  share  a 
single  switch  wire.  The  intermediate  and  down  stations 
are  connected  to  the  line  in  leak,  and  the  resistance  of  each 
is  raised  so  that  the  total  permanent  current  sent  out  to 
both  offices   is  the  same   as  that   sent  out  upon  a  one 
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Fio.  226.— Engaged  test  and  connections  of  switch-springs  upon  the  multiples 
an<l  home  sections. 

office  circuit.  In  both  cases  this  reduces  the  received 
working  currents  to  half  the  value  of  that  obtained  upon  a 
circuit  without  an  intermediate  station  upon  it.  It  is,  how- 
ever, found  that  satisfactory  working  may  be  obtained  with 
this  reduced  current,  and  it  only  remains  to  indicate  the 
arrangements  by  which  either  station  may  ascertain  whether 
the  other  office  is  working.  At  the  intermediate  office  a 
differential  galvanometer,  with  its  coils  in  parallel,  is  placed 
in  the  line  circuit,  while  a  900"  single  current  galvanometer 
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is  joined  in  series  with  the  polarized  sounder  at  the  down 
or  terminal  station.  The  current  which  passes  through  the 
translating  relay  when  the  key  is  depressed  is  precisely  the 
same  as  in  one  office  circuits,  and  therefore  no  special  adjust- 
ment of  the  translating  relays  is  required.  When  the  down 
office  is  working  the  current  of  24  m.a.  which  passes  along 
the  line  deflects  the  differential  galvanometer  at  the  inter- 
mediate station,  so  indicating  that  the  circuit  is  engaged. 
The  key  at  the  intermediate  station  disconnects  the  down 
station  every  time  it  is  depressed,  and  so  causes  the  needle 
of  the  900*  galvanometer  to  oscillate. 

The  down  station's  indicator  key  when  depressed  pro- 
duces a  large  deflection  on  the  differential  galvanometer. 
The  intermediate  indicator  key  cuts  off  practically  all 
current  from  the  down  office,  which  clearly  indicates  the 
condition  of  the  circuit  to  that  office. 

Provincial  Switching  System. 

It  is  important  to  notice  that  in  the  case  of  the  metro- 
politan switching  system  all  the  circuits  are  undergroimd 
and  that  care  has  been  taken  to  bring  them  up  to  a  standard 
resistance  of  200",  exclusive  of  apparatus.  In  this  way 
the  currents  through  the  relays  are  always  the  same,  no 
matter  what  office  is  working  upon  them.  The  result  is 
that  the  regulation  of  the  translating  relays  is  quite  stable 
and  adjustments  are  only  required  at  infrequent  intervals. 

The  system  will  no  doubt  be  introduced  into  the  populous 
areas  surrounding  the  larger  provincial  cities,  but  as  the 
circuits  will  not  be  wholly  underground  it  will  hardly  be 
possible  to  employ  the  system  described.  The  most  obvious 
method  of  dealing  with  the  problem  is  to  provide  for  single 
current  sounder  working  and  to  use  batteries  at  each  office. 
The  clearing  signal  could  be  given  by  means  of  a  reversing 
button  or  key  which  would  actuate  a  polarized  signal  at 
the  head  office.  Translating  relays  would  not  be  needed 
nor  w^ould  a  multiple  switch  be  required,  at  any  rate,  for 
the  present,  as  the  number  of  circuits  would  not  in  any  case 
bo  more  than  one-tenth  of  the  number  to  be  dealt  with  in 
London. 

Other  Details. 

The  intercommunication  system  also  meets  the  following 
requirements ; — 
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1.  Two  speaking  keys  cannot  be  simultaneously  depressed 
by  a  switch  clerk. 

2.  Greenwich  "  Time "  is  signalled  by  a  bunching 
arrangement  resembling  that  of  the  Concentrator,  but. 
only  one  line  is  taken  in  the  case  of  offices  having  twa 
or  more  lines. 

3.  Two  offices  may  be  placed  upon  a  single  switch 
circuit  when  necessary  by  connecting  them  in  parallel 
and  arranging  so  that  the  resistance  from  the  switch  is. 
the  same  as  for  one  office., 

4.  A  pilot  lamp  to  show  that  all  calls  are  promptly 
attended  to  and  to  prevent  the  failure  of  a  calling  lamp  from 
causing  a  stopi^age  of  the  circuit  without  such  failure  being 
known.  This  also  provides  for  the  ringing  of  a  bell  at 
night  when  any  station  calls. 

5.  Special  arrangements  are  made  for  the  rapid  removal 
of  defectively  adjusted  translating  relays  and  for  their 
readjustment  by  means  of  a  testing  set. 

6.  A  special  device  to  automatically  indicate  when  any 
particular  pair  of  circuits  is  free.  This  is  to  ensure  that, 
where  an  office  has  been  waiting  for  another  for  some  time, 
the  waiting  office  shall  have  the  next  turn. 

The  details  of  these  arrangements  would  occupy  far 
more  space  than  is  available  in  the  present  volume,  and 
the  reader  who  requires  fuller  details  is  referred  to  Tele- 
graph Suntching  Systems,  by  T.  F.  Purves,  to  which  work  the 
author  is  indebted  for  the  whole  of  the  information  contained 
in  this  chapter. 


THE  CENTRAL  BATTERY  DUPLEX. 

It  has  been  pointed  out  that  many  offices  require  direct 
circuits  to  the  Central  Telegraph  Office  in  addition  to  the 
**  switch  "  wires.  These  circuits  are  frequently  required  to 
work  duplex,  and  a  very  simple  and  ingenious  system  has 
been  invented  by  T.  F.  Purves  as  an  adjunct  to  the  Metro- 
politan Switching  System.  Its  main  features  are  the  reduc<^ 
tion  of  the  apparatus  required  to  a  minimum,  the  retention 
of  the  polarized  sounder,  and  the  absence  of  all  batteries 
at  the  out  station.  It  is  also  remarkable  from  the  fact 
that  an  office  having,  say,  two  switch  wires  and  two  duplex 
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direct  circuits  may  have  all  the  sets  joined  up  so  that  in 
the  event  of  the  failure  of  one  of  them  either  of  the  other 
sets  may  be  employed  as  a  substitute. 

After  the  description  of  the  quadruplex  system  the  Purves 
duplex  should  present  no  difficulty,  since  the  fundamental 
principles  employed  have  already  been  fully  considered. 
The  system  adopted  is  however  that  of  decrement  in  pre- 
ference to  the  inerement  system  generally  used  for  quad- 
ruplex working. 

The  connections  of  the  apparatus  at  each  end  are  shown 


MOMCNTARY 
SHORT  CIRCUIT. 


.§-^^^ 


<X>n 


^ 


Fia.  227.— Principle  of  Pun'es'  central  baltor>-  duplex. 

in  Fig.  227.  At  the  out  station  the  line  passes  through 
the  450O  polarized  sounder  with  a  single  current  key  and 
a  1500"  resistance  coil  normally  joined  across  its  terminals. 
The  joint  resistance  at  the  out  station  is  therefore  11 25'*. 
The  depression  of  this  key  increases  the  resistance  of  the 
apparatus  from  1125"  to  the  full  resistance  of  the  polarized 
sounder  (4500**),  and  it  is  this  increase  which  brings  about 
the  actuation  of  the  relay  {\t  the  central  office  by  reducing 
the  current  and  allowing  the  tongue  to  fall  back  against 
the  marking  stop.  TJie  polarized  sounder  is  worked  by  the 
currents  sent  cmt  from  the  double  current  key  through  one 
coil  of  the  non-polarized  relay. 
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The  tongue  of  the  relay  is  normally  held  away  from  the 
marking  stop  by  the  current  passing  to  line,  and  when  this 
current  is  reduced  by  the  depression  of  the  key  at  the  out- 
station  the  biassing  spring  on  the  relay  pulls  over  the 
tongue  and  registers  a  signal.  Since  the  marks  are  thus 
registered  by  the  relay  spring  and  not  by  the  current,  it  is 
obvious  that  when  reversals  of  current  take  place  through 
the  relay  coils,  as  the  home  key  is  worked,  there  is  no 
tendency  for  the  marks  to  split  at  the  moment  of  "no 
current,"  as  would  have  been  the  case  had  the  marks  been 
registered  by  the  current  against  the  force  of  the  antagonistic 
spring  as  in  the  case  of  the  increment  system.  False  marks 
due  to  splits  in  the  spacing  currents  can  be  avoided  by  a 
fairly  wide  adjustment  of  the  relay  contacts.  The  dis- 
advantage of  having  to  insert  an  uprighting  sounder  in 
order  to  preserve  the  character  of  the  signals  is  thus 
avoided.  On  very  short  circuits  no  compensation  is  re- 
quired and  the  relay  coils  are  joined  in  series,  but  on  the 
longer  metropolitan  circuits,  which  have  a  capacity  from  *5 
to  1*5  microfarads,  one  of  the  relay  coils  is  joined  to  earth 
through  a  small  condenser.  But  for  this  provision  the 
momentary  rush  of  current  required  to  reverse  the  charge 
in  the  line,  should  it  take  place  at  the  time  a  mark  is  being 
registered,  would  be  sufficient  to  overcome  the  tension  of 
the  antagonistic  spring  of  the  relay,  and  splitting  of  the 
marks  would  result. 

It  will  thus  be  seen  that  the  out  station's  sounder  is 
actuated  by  the  currents  sent  out  from  the  double  current 
key,  whilst  the  central  apparatus  is  worked  by  the  decreased 
current  resulting  from  the  depression  of  the  out  station's 
key. 

The  150O*  shunt  at  the  out  station  reduces  the  current 
through  the  polarized  sounder  but  slightly,  since  the 
difference  between  one  quarter  of  the  normal  current  (key 
at  rest)  and  the  reduced  current  working  the  relay  (key 
depressed)  is  small,  and  no  difference  in  the  strength  of 
the  signals  received  can  be  detected  by  the  ear. 

These  circuits  are  closed  at  night  by  cutting  off  the 
battery,  and  each  office  can  then  obtain  communication  only 
through  its  switch  circuits. 


CHiVPTER   XIV 
SECONDARY  CELLS. 

A  SECONDARY  cell  or  accumulator  is  a  reversible  pri- 
mary cell  in  which  chemical  energy  may  be  restored 
to  the  cell  in  return  for  electrical  energy.  It  has  pre- 
viously been  shown  that  when  a  current  is  taken  from  a 
primary  cell  the  constituents  of  the  cell  are  re-arranged 
in  such  a  manner  that  the  electrical  energy  produced  is 
accounted  for  by  the  difference  between  the  chemical  energy 
possessed  by  the  cell  in  its  original  and  in  its  re-arranged 
forms.  If  an  electric  current  is  passed  through  an  ex- 
hausted cell  in  opposition  to  its  E.M.F.,  the  chemical 
compounds  re-assume  their  original  form  and  a  current 
may  again  be  taken  from  the  cell.  In  this  operation  elec- 
trical energy  is  transformed  into  chemical  energy. 

Every  primary  cell  will,  to  some  extent,  behave  as  a 
secondary  cell.  Indeed,  one  of  the  first  accumulators 
(Thomson-Houston)  devised  was  a  special  form  of  Daniell 
cell.  Upon  the  whole,  dry  cells  are  probably  more  efficient 
when  used  as  secondary  cells  than  any  other  type,  but 
even  in  this  case  the  arrangement  is  distinctly  unsatisfac- 
tory since  the  re-charged  cell  does  not  even  approximate  in 
efficiency  to  a  new  cell. 

The  secondary  cell  of  practice  may  be  defined  as  a 
voltaic  cell  such  that,  when  discharged,  the  elements  fonn 
insoluble  compounds  w^ith  the  electrolyte,  which  compounds 
may  be  converted  to  their  original  condition  by  tlie  passage 
of  a  current  in  the  reverse  direction. 

The  secondaiy  cell  of  to-day  is  the  result  of  evolution  from 
the  celebrated  "gas  battery"  invented  l)y  Grove  in  1842. 
The  latter  consisted  of  two  vertical  glass  tubes,  each  closed 
at  one  end,  filled  with,  and  dipping  into,  water  to  which  a 
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little  sulphuric  acid  was  added  to  improve  the  conductivity. 
A  platinum  wire  was  fused  through  the  closed  end  of  each 
of  the  glass  tubes,  and  to  this  wire  was  soldered  a  long  thin 
strip  of  platinum  foil  which  extended  to  the  base  of  the 
tubes.  Upon  passing  a  current  through  such  an  arrange- 
ment by  connecting  a  battery  to  the  two  platinum  wires 
the  water  is  split  up  into  its  constituent  elements,  viz. 
hydrogen  and  oxygen.  The  hydrogen  follows  the  direction 
of  the  current  and  appears  at  the  terminal  connected  to  the 
negative  pole  of  the  battery,  the  oxygen  appearing  at  the 
other  pole.  The  gases  are  thus  collected  separately  in  the 
two  tubes.  It  will  be  found  that  if  the  battery  is  removed 
and  the  two  terminals  of  the  gas  battery  are  joined  by  a 
wire  an  electric  current  will  flow  from  the  pole  which  was 
joined  to  the  positive  pole  of  the  battery  to  that  which  was 
joined  to  the  negative  pole  of  the  battery.  This  current 
will  continue  until  the  whole  of  the  oxygen  and  hydrogen 
have  re-combined  to  form  water.  It  will  be  obvious  that 
this  process  may  be  repeated  indefinitely,  hence  the  gas 
battery  may  be  described  as  a  secondary  cell  having  plates 
of  hydrogen  and  oxygen.  The  difference  of  potential 
between  oxygen  and  hydrogen  or  the  E.M.F.  of  the  cell  is 
1'47  volts,  and  therefore  it  is  obvious  that  to  charge  the 
cell  by  decomposing  the  water  an  E.M.F.  higher  than  this 
is  necessary.  Again,  it  is  equally  obvious  that  a  number 
of  these  cells  may  be  placed  in  series  and  charged  by  a 
source  of  E.M.F.  greater  than  1*47  volts  multiplied  by  the 
number  of  cells  in  series. 

The  next  epoch  in  the  evolution  of  the  modem  secondary 
cell  was  made  by  Gaston  Plante,  who  in  1860  invented 
the  first  lead  cell.  This  cell  consists  of  two  lead  plates 
coiled  spirally,  and  separated  from  each  other  by  flannel, 
the  whole  arrangement  being  immersed  in  dilute  sulphuric 
acid.  When  the  plates  are  connected  to  a  battery  having 
a  sufficiently  high  E.M.F.  to  produce  a  current  through  the 
cell,  peroxide  of  lead  (PbOg)  is  formed  on  the  positive  plate 
whilst  the  negative  remains  lead.  Upon  discharge,  both 
plates  are  coated  with  lead  sulphate  (PbSOJ,  which  upon 
re-charge  is  converted  to  spongy  lead  at  the  negative  and 
peroxide  at  the  positive.  The  E.M.F.  of  the  cell  is  about 
2  volts. 

The  pole  and  plate  which  is  connected  to  the  positive 
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pole  of  the  battery,  and  which,  when  discharging,  is  the 
positive  pole  of  the  cell,  is  termed  the  positive  plate  and 
pole.  This  convention  differs  from  that  used  in  the  case  of 
primary  cells  where  the  positive  pole  is  the  negative  ele- 
ment. This  is  equally  true  of  secondary  cells,  but  conven- 
tion and  usage  have  established  the  nomenclature  already 
mentioned,  and  it  will  now  be  understood  that  by  the  posi- 
tive and  negative  plates  are  meant  those  to  w^hich  the 
positive  and  negative  poles  of  the  battery  or  other  sources 
of  E.M.F.  are  respectively  connected  for  charging  purposes. 
The  positive  plate  is  readily  recognizable  by  the  brownish 
tinge  which  the  peroxide  of  lead  gives  it  during  charge, 
whereas  the  negative  partakes  a  greyish  tinge. 

When  the  elements  have  become  fully  charged,  i.  e,  the 
complete  peroxidization  of  the  positive  and  reduction  of 
the  negative,  the  only  effect  of  further  charging  is  to 
decompose  the  water  of  the  electrolyte  into  its  constituents, 
hydrogen  and  oxygen,  the  foimer  gas  being  evolved  at  the 
negative,  and  the  latter  at  the  positive,  electrode.  During  • 
discharge  the  active  material  in  both  plates  is  partially 
converted  into  lead  sulphate,  but  these  reactions  will  later 
be  described. 

Plante  also  discovered  that  by  charging  and  discharging 
and  then  charging  in  the  reverse  direction  the  capacity  of 
the  cells  could  be  greatly  increased.  This  process  was 
repeated  many  times  before  the  cell  had  gained  anything 
like  its  maximum  capacity,  and  is  known  as  the  process  of 
formation.  Formation  renders  the  surface  of  the  plate 
more  irregular  and  more  porous,  thereby  increasing  its 
active  surface.  The  cell  under  this  treatment  continually 
gains  in  capacity  until  finally  the  plates  fall  to  pieces 
from  lack  of  mechanical  strength.  Unfortunately,  the 
more  efficient  the  plates  become  from  an  electrical  jx)int  of 
view  the  worse  they  grow  mechanically. 

From  the  chemical  standpoint,  all  secondary  cells  with 
lead  plates  and  dilute  sulphuric  acid  are  exactly  alike, 
although  the  details  of  design  and  manufacture  may  differ 
considerably.  There  are  cells  in  which  lead  is  only  used 
for  one  element  and  some  in  which  lead  is  not  used  at 
all,  but  the  use  of  these  cells  is  not  at  present  sufficiently 
extensive  to  warrant  description  in  any  but  treatises  on 
secondary  cells  alone. 
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Every  improvement  upon  the  Plants  cell  has  for  its 
object  the  reduction  of  the  costly  and  tedious  process  of 
formation,  the  improvement  of  the  mechanical  structure, 
i,e.  the  prevention  of  the  destruction  of  the  cell  by  the 
ever-increasing  porosity  of  the  lead,  increase  of  the  active 
surface,  and  reduction  of  the  weight  of  the  cell. 

In  1880  Faure  constructed  and  obtained  the  patent  rights 
for  a  cell  in  which  the  active  material  was  applied  to  the 
plates  in  the  form  of  a  paste  instead  of  being  produced  by 
foiTnation.  Priority  of  invention  is  usually  awarded  to 
Metzger  in  1878,  but  there  is  no  doubt  that  Faure*s  results 
were  independently  obtained.  Faure  pasted  both  his  plates 
with  a  paste  formed  by  mixing  red  lead  (Pb304)  and  sul- 
phuric acid.  The  mixture  formed  lead  sulphate  (PbS04), 
and  this  upon  the  positive  plate,  was  converted  into  per- 
oxide of  lead  by  the  liberated  oxygen,  whereas  upon  the 
negative  plate  it  was  reduced  to  spongy  lead  by  the  liberated 
hydrogen  combining  with  the  acid  radicle  (SOJ.  This  paste 
of  Faure's  does  not  adhere  very  well  to  the  plates,  and  hence 
many  of  the  later  improvements  are  directed  towards  the 
remedying  of  this  defect. 

The  Plante  and  the  Faure  cells  represent  two  great  pro- 
totypes. In  regard  to  the  merits  of  the  two  types,  it  may 
be  said  that,  comparing  cells  of  the  same  dimensions,  the 
pasted  cell  has  a  larger  capacity,  whilst  the  Plante  type 
will  permit  a  very  much  heavier  rate  of  discharge  without 
injury  to  the  plates,  but  the  improvements  in  both  types  of 
cell  tend  tewards  the  elimination  of  this  distinction. 

Chemistry  of  Secondary  Cells. 

The  chemistry  of  secondary  cells  is  not  known  with  any 
degree  of  certainty  at  the  present  time,  and  this  notwith- 
standing the  fact  that  many  eminent  chemists  have  devoted 
much  study  to  it.  The  substances  used  as  active  materials 
are,  in  the  first  place,  mixtures,  and  will  not  dissolve  in 
any  solvent  without  decomposition  taking  place,  thus 
rendering  a  quantitative  determination  of  the  active  con- 
stituents very  difficult,  if  not  impossible.  Many  theories, 
more  or  less  complex,  have  been  evolved,  but  none  of  them 
entirely"  explain  the  changes  noticed. 

The  chemical  action  of  all  secondary  cells  of  the  lead- 
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Bulpliuric  acid  typo  is  the  same,  for  their  only  difFerences 
are  in  the  form  of  the  plates  or  grids  and  the  method  of 
preparing  the  active  material.  In  cells  of  the  Faure  type 
the  negative  plate  is  pasted  with  a  mixture  of  litharge  (lead 
monoxide)  and  sulphuric  acid,  since  this  requires  less 
energy  to  reduce  than  a  higher  oxide  such  as  minium 
(Pb304),  which  is  generally  used  for  the  positive  active 
material.  The  effect  of  charging  such  a  cell  is  to  reduce 
the  litharge  or  sulphate  of  lead,  as  the  case  may  be,  to 
spongy  lead  at  the  negative  and  to  form  lead  dioxide  at 
the  positive.  A  charged  Plante  cell  has  the  lead  at  the 
positive  oxidized  and  spongy  lead  formed  at  the  negative. 
The  formation  of  the  cell  consists  in  producing  the  maximum 
quantity  of  active  material  (spongy  lead  and  lead  dioxide) 
upon  the  plates.  It  will  thus  be  seen  that  charged  cells, 
whether  of  the  Plante  or  Faure  type,  are  precisely  alike  as 
regards  their  chemical  condition. 

The  theory  which  is  now  most  favoured  and  which  most 
nearly  fits  the  experimental  facts  is  known  as  the  double 
sulphation  theory.  It  owes  its  origin  to  Gladstone  and 
Tribe,  two  of  the  earliest  workers  in  the  field,  and  very 
probably  with  slight  modifications  will  prove  to  be  true. 
Before  the  publication  of  their  researches  the  electrolyte 
was  held  to  be  water,  and  the  presence  of  the  acid  was 
regarded  as  merely  improving  the  conductivity  of  the 
water.  This  theory  is  now  universally  admitted  to  be 
•erroneous.  The  electrolyte  is  sulphuric  acid,  and  according 
to  the  double  sulphation  theory  the  action  may  be  represented 
as  under : — 

Charged,  Discharged. 

Positive.  Negative.  Positive.  Negative. 

PbOj  +  2  HgSO^  +  Pb    =    PbO  +  H2SO4  +  H2O   +   PbSO^. 

^ . ' 


m<>iw&lil«  avlpltwle  aeld  wMw  mlphait 


The  monoxide  of  lead  and  sulphuric  acid  are  shown 
bracketed  together,  since  they  react  and  thus  form  lead 
sulphate  and  water.  This  action  is  purely  chemical  as 
distinguished  from  electro-chemical,  and  therefore  has  no 
effect  upon  the  E.M.F.  of  the  cell. 
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Action  at  the  positive  pole : — 

PbO      +     H2SO4     =     PbSO^     +     Bfi 

On«  Una                              Ob«                                One 

molecule  .         moleeale  ,              nolecule  ,   .         moieeota 

one«d  ""*               of  ™™          of  toad  ""*               of 

raonoxtde  aalptaurio  Mi<l                   lalphMa                          water 

The  final  result  of  complete  discharge  is,  then,  to  convert 
the  whole  of  the  active  material  upon  both  plates  into  lead 
sulphate  and  also  to  remove  sulphuric  acid  from  the  electro- 
lyte. Lead  sulphate  is,  however,  a  very  bad  conductor, 
and  therefore  the  whole  of  the  peroxide  is  not  acted  upon, 
thus  leaving  at  the  end  of  the  discharge  a  quantity  of  per- 
oxide covered  over  by  a  coating  of  sulphate. 

Charging  changes  the  lead  sulphate  to  lead  dioxide  upon 
the  positive  and  to  spongy  lead  upon  the  negative,  which 
causes  the  positive  plate  to  assume  a  deep  chocolate  and 
the  negative  a  light  grey  colour.     When  the  cells  are  dis- 


Fio.  228.— Hydrometer. 

charged  the  colour  of  the  positive  will  be  found  to  have 
grown  lighter,  though  still  of  the  same  colour.  The  semi- 
transparency  of  the  lead  sulphate  accounts  for  its  not 
showing  itseK  in  the  form  of  a  grey  colour  upon  the  plates. 

The  Hydrometer. 

From  consideration  of  the  equations  given  upon  page  432, 
it  will  be  observed  that  the  percentage  of  acid  in  the 
electrolyte  is  greatest  when  the  cell  is  fully  charged  and  is 
least  when  it  is  completely  discharged.  The  specific  gravity 
of  the  solution  is  therefore  an  index  to  the  charge  or 
quantity  of  energy  in  the  cell.  It  also  serves  as  a  guide 
to  the  behaviour  and  conditions  of  the  cells.  The  type  of 
hydrometer  most  frequently  employed  for  testing  the  gravity 
is  shown  in  Fig.  228.  Its  range  is  from  1*150  to  1'250, 
the  gravity  of  pure  acid  being  1  840.  The  hydrometer  is 
allowed  to  float  in  the  solution,  the  gravity  of  which  is 
equal  to  the  value  marks  upon  the  scale  at  the  level  of  the 
liquid. 

F  F 
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Evidences  for  and  against  the  Double  Sulpuation 
Theory. 

Having  broadly  considered  the  chemical  action  postulated 
in  the  double  sulphation  theory,  it  may  be  well  to  examine 
some  of  the  experimental  evidence  in  its  favour.  The 
conclusions  of  Robertson  vrere  as  follows  : — 

1.  The  particles  of  peroxide  soon  get  coated  in  the  dis- 
charge with  a  layer  of  lead  sulphate,  which  protects  the 
peroxide  from  further  action. 

2.  The  analysis  also  shows  that  a  proporticm  of  active 
material  remains  at  the  end  of  the  discharge. 

3.  The  loose,  powdery  surface  of  the  peroxide  plate  seems 
to  be  thoroughly  converted  into  lead  sulphate. 

4.  When  the  peroxide  on  the  surface  of  the  plate  falls 
to  about  31%  the  cell  very  rapidly  loses  its  E.M.F., 
owing  to  the  inactive  layer  of  sulphate,  which  impedes  the 
action  of  the  sulphuric  acid  on  the  active  material  beneath, 
and  also  to  the  formation  of  peroxide  on  the  negatives. 
The  diffusivity  of  the  action  is  decreasing,  and  it  has  to 
penetrate  further  and  further  into  the  j)late  to  find  the 
active  material.  When  the  whole  of  the  paste  approaches 
the  composition  of  31%,  the  cell  loses  its  E.M.F.  entirely. 

5.  The  action  seems  to  take  place  most  rapidly  where 
the  current  density  is  the  greatest;  the  plate  becoming 
hard  there  from  sidphate  soonest  during  discharge,  and 
oxidizing  there  the  quickest  during  charge. 

In  the  case  of  the  negative  plates  nothing  but  sulphate 
of  lead  and  lead  was  found  during  charging. 

These  conclusions  all  confirm  the  double  sulphation 
theory,  and  moreover  they  indicate  how  vitally  important 
is  the  porosity  of  the  active  material,  since  this  property 
means  the  free  access  of  the  electrolyte  to  material  below 
the  surface. 

The  objections  urged  against  the  theory  are  that  there  is 
some  experimental  evidence  to  show  that  spongy  lead  is  an 
allotropic  modification  of  ordinary  lead,  and  that  the  lead  di- 
oxide formed  in  the  cell  is  not  normal  dioxide.  Fitzgerald 
suggested  that  it  is  hydrated  i)eroxide.  The  very  definite 
discharge  equation  must  have  an  equally  definite  E.M.F. , 
whereas  the  E.M.F.  of  a  discharging  cell  is  a  constantly 
varying  one.     Even  granting  that  the  small  but  rapid  drop 


SECONDARY  CELLS  435 

of  E.M.F.  generally  observed  during  the  fii-st  few  minutes 
of  a  discharge  and  that  which  ends  the  discharge  is  the 
result  of  special  reactions  not  included  in  the  equation,  it 
is  nevertheless  true  that  between  these  periods  the  voltage 
continuously  falls.  Against  this  objection  we  may  set  the 
fact  that  the  electrolyte  has  been  assumed  to  be  sulphuric 
acid  merely,  whereas  water  is  also  present,  and  in  ever 
varying  quantities. 

There  is  also  evidence  of  the  formation  of  persulphuric 
acid  (H2  (804)2),  and  it  is  to  this  reaction  that  the  high 
B.M.F.  observed  at  the  end  of  the  charge  is  ascribed. 
Persulphuric  acid  is  a  compound  which  absorbs  energy  in 
formation  and  liberates  it  in  decomposition.'  It  is  very 
unstable,  and  almost  immediately  combines  with  water  to 
form  ordinary  sulphuric  acid  and  hydrogen  peroxide  (H2O2), 
which  latter  again  splits  up  to  form  water  and  oxygen. 
Reasoning  from  these  facts  one  is  compelled  to  admit  the 
formation  of  lead  persulphate  (Pb  (SO.,)^);  and  this  would 
account  for  the  difference  between  the  E.M.F.  during  charge 
and  discharge. 

The  polymerization  theory  due  to  E.  J.  Wade  postulates 
a  far  more  complicated  structure  for  the  spongy  lead, 
dioxide,  and  sulphate.  Briefly,  this  theory  states  that  one 
is  never  dealing  wdth  dioxide  alone  or  with  sulphate  alone, 
but  with  a  far  more  complex  substance  which  contains  both. 

To  sum  up  the  question  so  far  as  it  has  been  investigated, 
it  may  be  said  that  the  double  sulphation  theory  represents 
broadly  the  nature  of  the  changes,  although  it  is  quite 
evident  that  there  are  other  subsidiary  reactions  occurring 
at  the  same  time. 

Expansion  of  the  Active  Material  on  the  Positives. 

Before  passing  on  to  descriptions  of  the  various  types 
of  secondary  cell,  it  should  be  stated  that  in  every  fonn 
described  the  number  of  negative  plates  exceeds  the 
positives  by  one.  This  is  in  order  that  both  sides  of  the 
positive  may  be  acted  upon,  and  the  tendency  of  each  side 
to  bend  or  "buckle,"  due  to  the  expansion  of  the  active 
material,  may  be  made  equal.  For  the  same  reason  the 
positives  are  usually  thicker  and  stronger  than  the  nega- 
tives, which  have  but  little  or  no  tendency  towards 
buckling. 
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The  D.P.  Cell. 

In  the  "  D.P."  cell,  wldch  is  one  of  the  practical  forms 
of  Plants  cell,  the  plates  are  built  up  of  lead  ribbon 
placed  horizontally  in  a  frame  of  lead  alloy.  These  plates 
are  formed  by  a  special  electrolytic  process  for  which  it  is 
claimed  that  the  active  material  is  thereby  produced  out  of 
the  plate  itself,  so  making  the  "  protecting  "  coat  extremely 
dense,  whilst  the  oxides  are  in  the  best  possible  condition 
for  electrolytic  action. 

Chloride  Cells. 

A  third  or  intermediate  class  between  Plante  and  Faure 
cells  is  sometimes  constituted  of  those  cells  in  which  the 
plates  are  plugged  with  rolls  of  lead  ribbon.  As  the 
active  material  is  formed  from  these  rolls,  the  cells  may 
with  propriety  be  considered  as  belonging  to  the  Plante 
group.  To  this  class  belongs  the  well-known  Chloride 
cell  which  is  employed  in  connection  with  the  Central 
Battery  telephone  system. 

The  cell  derives  its  name  from  the  method  of  preparing 
the  active  material  for  the  negative  plate.  The  process  is 
as  follows  : — ^Acetate  of  lead,  formed  by  dissolving  litharge 
in  a  solution  of  acetic  acid,  is  converted  into  chloride  of 
lead  by  placing  it  in  a  solution  of  hydrochloric  acid. 
Chloride  of  lead  is  insoluble,  and  therefore  sinks  to  the 
bottom  of  the  solution,  from  which  it  is  readily  removed. 
It  is  then  pressed  into  slabs  and  dried  in  an  oven,  after 
which  finely-powdered  zinc  is  added  and  the  whole  melted 
up  in  crucibles.  The  mixture  is  then  poured  into  a  series  of 
small  hexagonal  moulds,  each  of  which  has  two  small  pegs, 
thus  casting  two  holes  in  the  pastille.  A  lead  grid  is  then 
cast  around  each  set  of  pastilles  under  great  pressure,  thus 
forcing  the  lead  into  very  intimate  contact  with  them. 
These  plates  are  then  formed  in  a  solution  of  zinc  chloride 
against  zinc  plates  by  connecting  the  zinc  and  lead  plates 
respectively  to  the  positive  and  negati^'0  poles  of  a  dynamo, 
The  zinc  which  would  be  deposited  upon  the  negative 
plate  combines  with  chlorine  of  the  lead  chloride  and 
forms  zinc  chloride  and  pure  lead,  the  former  dissolving 
in  the  solution.  The  zinc  which  was  mixed  with  leaa 
chloride  pastilles  is  also  converted  into  zinc  chloride,  and 
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dissolves  in  the  solution,  thus  leaving  the  lead  in  the 
pastilles  in  a  very  porous  condition.  The  plates  are  then 
carefully  washed  and  placed  in  a  solution  of  sulphuric 
acid,  where  a  current  is  again  sent  through  them.  Hydro- 
gen is  liberated  at  the  lead  plate,  and  this  combines  with 


Fio.   22^. -Chloride  •'  R  "  type  cell. 


and  removes  any  remaining  traces  of  chlorine  left  by  the 
previous  processes.  This  is  then  the  finished  negative 
plate,  which  has,  owing  to  the  porosity  of  the  lead  in  the 
pastilles,  a  very  extensive  active  surface. 

The  lead-antimony  mixture  of  which  the  positive  plate 
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or  grid  is  formed  is  run  into  moulds  under  an  air  pressure 
of  150  lbs.  to  the  square  inch,  in  order  to  ensure  a  per- 
fectly homogeneous  casting.  The  124  circular  holes  are 
cast  countersunk  upon  both  sides  of  the  plate  so  as  to 
provide  for  the  expansion  (during  formation)  of  the  active 
material  which  they  support.  This  active  material  con- 
sists of  a  tape  of  pure  lead,  which  is  gimped  whilst  cold 
with  deep  grooves  and  ridges  under  a  pressure  of  4000 
lbs.  per  square  inch.  Suitable  lengths  are  then  cut  off 
and  wound  into  rosettes.  The  rosettes  are  inserted  in  the 
holes  in  the  plate,  which  is  finally  subjected  to  heavy 
pressure,  tJius  driving  the  buttons  home  and  ensui'ing 
perfect  contact.  The  plate  is  then  subjected  to  a  modified 
Plante  formation  process,  during  which  the  rosette  is 
partially  perozidized. 

A  complete  cell  of  the  "  R  "  type  is  illustrated  in  Fig. 
229.  It  will  be  observ^ed  that  the  plates  are  provided  with 
shoulders  resting  upon  the  edges  of  two  vertical  glass 
plates  within  the  cell.  In  order  to  preserve  the  separation 
betw^een  the  plates,  two  long  glass  rods,  the  heads  of 
which  are  to  be  seen  in  the  figure,  are  inserted  between 
each  pair  of  plates. 

The  density  of  the  electrolyte  when  placed  in  the  cells 
is  1*215,  w^hich  is  also  its  value  when  the  cell  is  fidly 
charged.  The  cells  should  never  be  discharged  to  such  an 
extent  that  the  gravity  faUs  below  1'175,  although  this 
figure  is  dependent  to  some  extent  upon  the  size  and  type 
of  cell. 

The  capacity  of  the  type  of  cell  illustrated  is  60  ampere 
hours  per  positive  at  the  9-hour  rate.  The  cell  iUus- 
trated  has  15  plates,  of  which  7  are  positives,  giving  a 
capacity  of  420  ampere  hours.  The  cell  may  be  dis- 
charged in  one  hour,  but  in  this  case  the  capacity  is  only 
210  ampere  hours.  There  are,  however,  many  cases  in 
which  it  is  essential  that  a  heavy  current  may  be  obtained 
without  risk  of  injury  to  the  cells. 

Modifications  of  the  Chloride  Cell. 

As  a  result  of  experimental  work  on  vehicle  cells,  a 
negative  of  the  pasted  type,  known  as  the  "  Exide,"  has 
been  constructed  which  overcomes  many  of  the  faults  found 
in  the  other  types  of  pasted  plates.     After  a  thorough  test 
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under  actual  working  conditions  in  both  vehicle  and 
stationaiy  cells,  the  "  Exide  "  negative  has  been  adopted 
in  place  of  the  Chloride  negative  described  above. 

The  grid  is  of  the  "  cage  "  type,  consisting  of  thin  vertical 
ribs,  the  edges  of  which  are  flush  with  the  faces  of  the 
plate,  and  which  are  connected  by  small  bars  having  a 


Fio.  230.— Cliloritljj  "II"  type  cell  with  Exide  negatives  aD4  board  separators. 


triangular  cross-section,  the  apex  of  the  triangle  being 
at  the  face  of  the  plate.  These  connecting  bars  on  one 
face  are  staggered  with  those  on  the  other.  The  grid  is 
filled  with  a  special  paste  and  subjected  to  a  reducing 
process,  the  finished  plate  being  /vj^  inch  thick.  The  active 
material  is  in  the  form  of  continuous  pencils,  of  rectangu- 
lar cross-section,  extending  from  the  top  to  the  bottom  of 
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the  plate.  The  thin  flat  ribs  are  on  two  sides  of  the 
pencils,  and  the  triangular  cross-bars  are  embedded  in  the 
other  two  sides,  which  constitute  the  faces  of  the  plate. 
The  continuity  of  the  material  combined  with  the  cross- 
^3?.r«  holds  it  firmly  in  place,  while  at  the  same  time 
provision  is  made  for  its  expansion  and  contraction, 
r^The  new  form  of  cell  (Fig.  230)  then  comprises  positive 
plates  of  the  new  "  R  "  type  (Fig.  231),  which  are  slightly 


Fio.  231.— Chloride  i)08itiv<>  j.late. 

tliicker  than  the  old  *'  R  "  plates,  and  the  rosette  has  been 
modified  so  as  to  render  buckling  impossible  and  increase 
the  life  of  the  element.  Another  important  change  con- 
sists in  suspending  the  plates  from  the  edges  of  the  glass 
cells  instead  of  from  glass  plates  inside. 

The  glass  rod  sejiurators  of  the  old  type  have  been 
abandoned  in  favour  of  board  se|)arators  supported  from 
the  bottom  of  the  cell  by  wooden  dowels  at  each  comer, 
which  being  without  perforations  form  practically  a  con- 
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tinuoua  diaphragm  between  tlie  plates,  thus  preventing 
short  circuits.  By  using  these  board  separators,  cleaning 
is  found  to  be  necessary  at  less  frequent  intervals  and  the 
life  and  capacity  of  the  elements  are  therefore  considerably 
prolonged  and  the  efficiency  increased.  It  is  found  that 
this  method  of  separation  does  not  increase  the  internal 
resistance  of  the  cell. 

It  may  be  remarked  that  for  vehicle  purpose  the  positive 
and  negative  grids  are  of  identical  construction,  both  being 
of  the  Exide  type,  differing  only  in  their  active  material. 


E.P.S.  Celi^. 

The  cells  made  by  the  Electrical  Power  Storage  Company 
are  of  the  Faure  or  pasted  type,  and  are  the  results  of  the 
labours  of  Faure,  Sellon,  Volck- 
mar,  King  and  others.  Until 
recently  the  E.P.S.  cell  was  the 
only  type  employed  by  the  Post 
Office  for  telegi'aph  purposes. 
At  the  present  time  a  very  large 
number  of  these  cells  are  in  daily 
use,  and  most  are  of  the  "K'* 
7-plate  type. 

The  *1K"  positive  plate  con- 
sists of  a  thick  lead  grid  with 
horizontal  grooves,  running  right 
across  the  plate,  cast  in  a  slightly 
downward  direction,  and  slightly 
burred  over  (see  Fig.  232,  show- 
ing a  portion  of  the  plate). 

This  plate  is  pasted  with  a 
mixture  of  red-lead  and  sulphuric 
acid,  thus  forming  lead  sulphate. 

The  "  K  "  type  negative,  which  is  about  one-half  tlie 
thickness  of  the  positive,  consists  of  a  grid  in  which  a 
leaden  pi-ojection  arises  from  each  of  the  four  sides  of  each 
square  hole  (P'ig.  233).  These  claw-like  projections  serve 
to  hold  the  active  material  firmly  in  position.  The  paste 
for  the  negative  consists  of  a  mixture  of  litharge  and  sul- 
phuric acid,  as  it  is  easier  to  reduce  to  lead  than  the 
positive  paste  would  be. 


Fio.  232.— Portion  of  E.P.S.  ' 
type  positive  grid. 
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The  general  appearance  of  the  K  13-plate  cell  is  illus- 
trated in  Fig.  234.  It 
should  be  observ^ed  that 
the  positive  plates  are 
connected  to  the  main 
lug  of  the  cell  at  the  top 
of  the  plates  whilst  the 
negatives  are  connected 
together  at  the  bottom  to 
the  leaden  strip  forming 
the  negative  lug.  The 
object  of  tlie  arrange- 
ment is  to  secure  greater 
uniformity  of  action  over 
the  surfaces  of  the  plates. 

Fio.  233.-PortionofE.p.s.  "K'type  '^'^^  plates  are  separ- 

negaUvogrid.  atcd   by   meaus   of   two 
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ebonite  forks  placed  over  each  positive.  The  section  as  a 
whole  rests  upon  an  H-shaped  piece  of  paraffined  wood, 
thus  raising  the  plates  above  the  bottom  of  the  cell,  and 
so  preventing  any  danger  of  short  circuits  jjroduced  by 
falling  paste. 

The  "  K  "  cell  has  now  become  obsolete  and  its  place 
has  been  taken  by  the  "  W.S."  type.  The  plates  in 
the  W.S.  type  are  somevv^hat  heavier  and  larger  and  the 
arrangement  of  the  grids  is  totally  different.  The  posi- 
tive plate  is  lOJ  inch  square  and  '35  inch  in  thickness, 
and  is  triangularly  grooved  upon  both  sides.  These 
grooves  do  not  extend  continuously  from  side  to  side  of 
the  plate,  since  the  plate  is  strengthened  by  twelve  ribs  of 
metal  which  extend  fi'om  the  top  to  the  bottom  of  the 
plate.  These  details  will,  however,  be  rendered  quite 
apparent  from  consideration  of  Figs.  235,  236,  237  and 
238. 

The  negative  grid  (Figs.  239,  240  and  241)  is  divided 
into  twelve  sections  or  panels  by  three  vertical  and  two 
horizontal  ribs.  Between  these  ribs  a  fine  lattice  is 
extended,  which  provides  114  oblong  holes  for  the  recep- 
tion of  the  paste.  These  holes  taper  from  the  centre  to  the 
outside  of  the  plate,  as  indicated  in  Fig.  240  and  241. 

The  general  appearance  of  a  23-plate  cell  is  shown  in 
Fig.  242,  and  it  will  be  noticed  glass  tube  separatoi-s  are 
employed  in  place  of  ebonite  forks,  and  as  these  are  fixed 
both  at  the  top  and  the  bottom  the  chance  of  buckling  has 
been  very  greatly  reduced.  The  new  type  of  cell  has  a 
much  higher  discharge  rate  than  the  one  it  replaced.  The 
7-plate  cell  may  be  discharged  in  two  hours,  and  for  a 
discharge  extending  over  seven  hours  has  a  capacity  of  1G8 
ampere  hours  or  5G  ampere  hours  per  positive. 

The  acid  when  placed  in  the  cells  has  a  density  of  1'200. 
When  the  cell  is  fully  charged  the  specific  gravity  should 
be  1*205.  The  discharge  should  cease  when  the  gravity 
has  fallen  to  IISO. 


Hart  Cells. 

The  Hart  cells,  which  are  of  the  Faure  or  pasted  type, 
are  now  used  by  the  Post  Office  for  all  capacities  up  to  9() 
ampere  hours. 
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Fio.  237.-8  full  size   eclion  on  line  A  A  in  Fig.  235. 


Fio.  238.— Portion  of  grid.    %  full  size. 
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Fio.  239.— B.P.8.  "W.S"  type  negative, 
I  full  size. 


I 

T 


m 


___]_]_p. 

jjTjjn^ 

^HHHHnnn 

■s 

Fio.  241.— Portion  of  negative  grid.    §  full  size. 
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The  positive  grid  (Figs.  243,  244,  245  and  240)  is  \  inch 
thick  and  upon  either  side  it  is  divided  into  five  vertical 
divisions,  whilst  two  ribs  extend  approximately  from  corner 
to  corner.  Similar  ribs  extend  from  side  to  side  of  the 
plate,  and   of  these   there  are   twelve  to  the  inch.     The 


Fig.  242.-23  plate  E.P.S.  "  W.S  "  typ«.>'ccn. 


oblong  grooves  have  i^arallel  sides  and  extend  to  a  depth 
of  about  yV  inch  upon  either  side,  thus  leaving  J  inch  for 
the  central  web  of  the  plate. 

The  negative  grid  (Figs.  247,  248,  249  and  250)  is  fV 
inch  thick.  At  intervals  of  an  inch  four  stout  ribs  extend 
from  the  top  to  the  bottom  of  the  plate.  Four  horizontal 
ribs  are  spaced  at  unequal  intervals  together  with  two 
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Fic.  243.— Hnrt  positive,    i  full  size. 
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Fia.  245.— §  full  size  section  on  line  A  A  in  Fig.  243. 
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Fjo.  246,  —Portion  of  grid.    }  full  size. 
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Flo.  247.— Hart  negative.    \  full  size. 


Fig.  249.— §  full  size  section  on  line  A  A. 
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crossing  ribs,  wkicli,  however,  only  extend  through  half  the 
thickness  of  the  plate.  Between  the  four  vertical  are 
placed  three  finer  ribs  of  the  same  thickness  as  the  crossing 
ribs.  The  holes  are  parallel  sides  but  have  a  somewhat 
"  raggy  "  centre. 

The  general  appearance  of  the  Hart  cell  is  illustrated  in 
Fig.  251,  from  which  it  will  be  seen  that  the  plates  are  of 
the  hanging  type  supported  upon  two  glass  slabs  by  pro- 


FiQ.  251.— Hart  coll,  traction  type. 


jecting  side  lugs,  the  glass  slabs  resting  in  grooves  cut  in 
the  wooden  bottom  block.  This  bottom  block  is  combined 
with  a  teak  frame  having  removable  top  pieces,  the  section 
being  placed  in  between  the  four  uprights,  and  the  top 
afterwards  placed  in  position.  In  this  way  the  plates  are 
thoroughly  supported,  so  that  the  probability  of  buckling  is 
comparatively  remote.  The  separators  employed  are  usually 
of  the  flanged  glass  tube  type,  but  in  the  case  of  cells 
supplied  to  the  Post  Oflfice  ebonite  separators  are  used. 
The  cells  have  a  capacity  of  49  ampere  hours  per  positive 

a  o 
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at  the  nine  hour  rate,  whilst  at  the  five  hour  or  maximum 
rate  it  is  40  ampere  hours. 

The  specific  gravity  of  the  electrolyte  is  1'190  when 
placed  in  the  cells,  and  when  fully  charged  it  should  rise 
to  1*200.  The  discharge  should  cease  immediately  the 
gravity  falls  to  1*170. 

The  cell  illustrated  in  Fig.  251  is  of  the  T  11-plate  type 
while  the  largest  cell  used  by  the  Post  Office  has  but  nine 
plates.  The  45,  72,  and  90  ampere  hour  sizes  of  cell  have 
respectively  five,  seven  and  nine  plates,  each  5J  X  7^ 
inches.  In  the  case  of  the  18  and  27  ampere  hour  cells 
which  are  specially  made  for  the  Post  Office,  the  plates  are 
4x4  inches  only  and  are  supported  directly  upon  the 
sides  of  the  glass  cell — otherwise  they  are  similar  to  the 
type  already  considered. 

E.M.F.  ON  Charge  and  Discharge. 

For  charging  secondary  cells  the  E.M.F.  of  the  dynamo 
should  be  from  2*6  to  275  volts  per  cell.  The  opposing 
E.M.F.  of  the  battery  rises  to  about  2*5  volts  per  cell  at  the 
end  of  the  charge,  but  upon  disconnecting  the  dynamo  the 
E.M.F.  at  once  falls  to  rather  less  than  2*2  volts — in  fact 
the  practical  maximum  should  be  regarded  as  2*1  volts. 
During  the  greater  part  of  the  discharge  the  E.M.F.  very 
closely  approximates  to  2  volts,  and  it  is  only  towards  the 
end  of  the  discharge  that  it  falls  below  this  value.  After 
18  volts  is  reached  the  E.M.F.  falls  rapidly,  and  if  the 
discharge  is  continued  serious  injury  to  the  plates  Avill 
probably  result. 

Internal  Resistance  and  Temperature. 

The  internal  resistance  of  even  the  smallest  type  of 
secondary  cell  is  extremely  low.  In  the  E.P.S.  K  7  type  it  is 
about  0015",  whilst  in  the  Chloride  R  15-plate  type  it  is 
but  *00038".  It  is  interesting  to  notice  that  the  internal 
resistance  of  the  cell  decreases  as  the  value  of  the  dis- 
charge current  rises.  The  resistance  of  dilute  sulphuric 
acid  is  least  when  the  acid  is  30%  and  water  70%,  or 
specific  gravity  1*224.  With  10%  acid  the  resistivity  is 
G7%  higher  and  84%  higher  with  G0%  acid. 

The  temperature  at  which  the  cell  is  working  also  affects 
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the  E.M.F.,  specific  gravity,  and  capacity  of  a  cell.  The 
higher  the  temperature  at  which  the  cell  is  working,  the 
greater  the  capacity,  but  working  at  an  abnormally  high 
temperature  will  seriously  reduce  the  life  of  the  elements. 

Insulators. 

The  cells  are  invariably  placed  upon  shallow  wooden 
trays  fiUed  with  sawdust,  so  as  to  evenly  distribute  the 
weight  of  the  cell  and  avoid  the  risk  of  breakage  due  to 
imequal  stresses  upon  the  bottom  of  the  glass  box. 

The  racks  are  usually  formed  of  stout  beams  of  timber 
with  mushroom  insulators  upon  which  the  trays  are  placed. 
The  insulator  (Fig.  252)  consists  of  two  glass  castings 
fitted  as  shown,  but  wiUi  the  lower  part  partially  filled 


Fio.  252.— Appearance  and  section  of  an  insulator. 

with  oil.  This  prevents  the  formation  of  a  continuous 
layer  of  moisture  between  the  cell  and  the  support,  so  long 
as  the  sxirface  of  the  oil  is  free  from  dirt. 

Electrolyte. 

Brimstone  sulphuric  acid  having  a  specific  gravity  of 
1*840  should  always  be  used.  The  acid  should  be  free 
from  impurities,  such  as  arsenic,  nitric,  or  hydrochloric 
acid.  It  should  be  diluted  to  the  required  extent  with 
pure  water — preferably  distilled.  If  the  water  to  be  used 
is  not  soft  and  free  from  lime  it  should  be  boiled  prior  to 
use. 

First  Charge. 

In  erecting  a  new  set  of  cells  the  acid  should,  upon  no 
account,  be  put  into  the  cells  until  everything  is  in  readi- 
ness for  commencing  to  charge.  This  first  charge  should 
preferably  continue  without  intermission  for  from  36  to 


452  TELEGRAPHY 

40  hours — in  some  casen  even  longer.  If  it  is  not  possible 
to  arrange  this  the  charge  may  be  stopped  after  12  to  18 
hours,  but  current  must  not  be  taken  from  the  cells.  It 
will  be  found  that  the  specific  graA^ity  of  the  electrolyte 
begins  to  fall  immediately  it  is  placed  in  the  cells,  and  the 
first  charge  is  continued  until  the  gravity  rises  to  its  full 
value,  and  both  plates  gas  freely  whilst  the  solution  attains 
a  "milky"  appearance.  The  charging  rate  for  the  first 
12  hours  is  usually  about  one-half  the  maximum  rate. 
After  this  period  it  is  increased  to  the  full  rate,  but,  should 
the  negatives  fail  to  gas  freely  whilst  positives  do  so,  or 
vice  versa,  the  charging  rate  is  again  cut  down  until  this 
comes  right. 

Treatment  of  Celi^. 

Daily  tests  of  the  specific  gravity  and  E.M.F.  of  each  cell 
should  be  taken  and  recorded  in  order  that  any  irregular- 
ities may  be  promptly  investigated.  It  is  essential  that  the 
maximum  discharge  current  which  is  stated  by  each  maker 
for  the  type  of  cell  employed  shall  not  be  exceeded.  It  is 
equally  necessary  that  the  charging  rate  shall  not  be  below 
or  above  the  limits  specified.  It  may,  however,  be  stated 
that  where  a  rapid  charge  is  essential  the  maximum  rate 
may  be  exceeded  by  from  20%  to  30%  for  the  major  por- 
tion of  the  charge,  provided  that  the  current  is  cut  down 
to  the  normal  immediately  the  cells  commence  to  gas. 
The  cells  must  be  removed  from  discharge  immediately  the 
E.M.F.  per  cell  falls  to  1*8  volts,  or  the  gravity  is  less  than 
the  figures  specified.  If  it  is  necessary  to  put  the  cells 
out  of  action  they  should  be  fully  charged,  and  given  a 
periodical  charge  of  short  duration  every  fortnight  or  so. 

If  these  precautions  are  neglected  "  sulphating  "  occurs. 
This  is  the  technical  term  used  to  denote  the  formation  of 
higher  sulphates  upon  the  positives.  It  is  at  once  apparent 
on  account  of  the  light  colour  of  the  patches.  It  may 
usually  be  rectified  by  long  continued  charges  at  about 
half  the  maximum  charging  rate.  This  will,  in  time, 
reduce  the  sulphate  to  the  normal  condition,  but  the  pro- 
cess is  long  and  tedious,  and  is  one  which,  with  proper 
care,  should  seldom,  if  ever,  be  necessary  with  a  well- 
designed  cell.  It  may  be  said  that  serious  risk  is  involved 
whenever  the  charging  or  discharging  rates  are  exceeded 
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or  where  tlie  discharge  is  prolonged  so  that  the  voltage 
falls  to  less  than  1*8  volts  per  cell. 

In  the  event  of  buckling  the  solution  should  be  drawn 
off  and  the  plates  straightened  between  a  pair  of  boards. 
The  negatives  especially  should  not  be  left  in  the  air  any 
longer  than  is  absolutely  necessary,  owing  to  the  oxidation 
of  the  spongy  lead  which  at  once  commences.  Preferably, 
they  should  be  placed  in  dilute  acid  whilst  the  positives 
are  being  attended  to. 


CHAPTER  XV 

THE   UNIVERSAL  BATTERY  SYSTEM. 

theory  and  power  arrangements. 

Introductory. 

rE  provision  of  separate  batteries  for  each  circuit,  in 
a  large  telegraph  office,  necessitates  the  employment  of 
a  vast  number  of  cells,  which,  besides  occupying  a  consider- 
able amount  of  space,  prove  most  costly  to  maintain.  In 
fact  it  may  be  said  that  the  provision  erf  electrical  energy 
by  means  of  primary  batteries  is  one  of  the  most  costly 
methods  which  can  possibly  be  employed.  Considerable 
economy  may  be  effected  by  using  a  single  set  of  primary 
cells  to  work  a  number  of  circuits,  but,  even  then,  the  cost 
is  several  times  that  of  energy  obtained  either  from  the 
town  electric  light  mains  or  from  the  office  lighting  plant. 

Secondary  cells  present  notable  advantages  for  the  work 
of  supplying  energy  to  a  number  of  telegraph  circuits, 
and  the  system  is  being  rapidly  extended  to  offices  of 
comparatively  small  magnitude.  In  addition  to  the  economy 
obtained  there  is  the  advantage  of  greater  constancy  of 
E.M.F.,  which  necessarily  makes  for  the  better  working  of 
the  circuits  concerned. 

The  use  of  a  universal  battery  entails  a  considerable 
number  of  alterations  in  the  connections  of  the  circuits, 
whilst  the  use  of  a  source  of  energy  capable  of  supplying 
large  currents  renders  precautions  against  fire  imperatively 
necessary.  Again,  the  cells  are  necessarily  duplicated,  at 
least  in  part,  in  order  to  provide  for  re-charging  when 
necessary. 

General  Principle. 
The  general  principle  of   the   system  will   readily   be 
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apprehended  by  considering  three  single  current  sounders 
worked  by  a  common  or  universal  main  battery.  The 
skeleton  connections  of  three  such  circuits  are  depicted  in 
Fig.  253,  from  which  it  will  be  seen  that  the  positive  pole 
of  the  earthed  battery  is  "  teed  "  oSE  to  the  front  stops  of 
the  three  single  current  keys.  The  receiving  apparatus  at 
A  and  the  sending  apparatus  at  the  distant  ends  of  the 
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Fio.  25S.~Principle  of  imiversal  battery  working. 


circuits  have  been  omitted,  whilst   the  distant   receiving 
appai-atus  is  conventionally  depicted. 

If  any  one  key  is  depressed  a  current,  equal  in  value  to 
the  E.M.F.  of  the  battery  divided  by  the  total  resistance 
of  the  circuit,  flows  over  the  line  in  connection  with  it. 
If  all  the  keys  are  depressed  the  current  divides  between 
the  three  circuits  in  inverse  proportion  to  their  respective 
resistances.  The  battery  is  then  supplying  current  to 
lines  1,  2  and  3  in  parcel,  and  the  value  of  the  current 
in  each  circuit  depends  upon  the  resistances  of  the  three 
circuits,  and  the   internal  resistance  and  E.M.F.  of  the 
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battery.  It  will,  later,  be  shown  how  these  quai)titie« 
must  be  related  to  each  other  to  ensure  satisfactory  work- 
ing, but  before  going  further  it  is  necessary  to  show  that 
all  circuits  may  be  simplified  to  the  general  form  just 
considered. 

A  single  battery  with  its  negative  pole  permanently  earthed 
would,  as  has  been  seen,  readily  serve  to  work  a  number  of 
single  current  sounders  if  all  were  up  stations.  If,  how- 
ever, down  stations  were  also  required  to  be  worked,  a 
second  set  of  cells  with  the  positive  pole  earthed  would  be 
essential.     For  single  needle,  double  plate  sounder,  and 
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Fia.  264.— Battery  short-circuited  when  connected  to  two  single  needles. 

double  current  circuits,  two  batteries  would  necessarily  be 
required,  one  of  which  would  supply  positive  and  the  other 
negative  currents.  In  order  to  make  this  point  quite  clear 
let  two  "  up  "  single  needles  be  connected  to  one  battery  as 
ciepicted  in  Fig.  254.  When  the  right-hand  station  de- 
presses the  right  key  and  the  other  station  depresses  the 
left  key  both  poles  of  the  common  battery  are  earthed,  thus 
forming  a  short  circuit  and  so  preventing  either  station 
from  sending  out  a  cuiTent.  Similarly,  had  one  of  the 
stations  been  up  and  the  other  down  the  same  result  would 
have  occurred  when  both  right  or  both  left  keys  were 
simultaneously  depressed. 
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It  will,  therefore,  be  obvious  that  every  form  of  apparatus 
which  requires  to  send  out  currents  in  both  directions  must 
be  provided  virith  two  batteries  having  opposite  poles  put 
to  earth.  The  one  battery  is  connected  to  line  by  one 
position  of  the  key  or  keys  whilst  the  other  is  similarly 
connected  when  the  position  of  the  key  or  keys  is  changed. 
For  example,  a  single  needle  up  station  will  require  to 
connect  the  negative  battery  to  line  when  the  left  key  is 
depressed,  whilst  the  positive  batterj-  will  be  similarly  con- 
nected upon  depression  of  the  right  key.  This  necessitates 
alterations  in  the  commutator  connections,  but  essentially 
the  arrangement  reduces  itself  as  regards  the  sending 
circuit  to  the  conditions  of  Fig.  253,  but  with  a  second  key 
for  each  line  connected  to  the  negative  battery. 

K,  therefore,  the  theory  of  the  system  is  considered  from 
the  point  of  view  of  Fig.  253  it  will  be  evident  that  the 
essential  conditions  involved  have  been  satisfactorily  dealt 
with. 

•    Theory  of  System. 

When  a  single  primary  battery  is  employed  to  work 
several  circuits  the  value  of  the  current  in  each  varies  in 
accordance  with  the  number  of  keys  which  are  simul- 
taneously depressed.  If  this  variation  of  current  is  large 
the  working  is  unreliable,  and  it  is  therefore  essential  that 
the  conditions  which  must  be  fulfilled  to  prevent  this 
shoidd  be  clearly  apprehended.  If  t^n  single  current  cir- 
cuits each  having  a  resistance  of  lOOO*  are  connected  to  a 
single  battery,  having  an  E.M.F.  of  25  volts  and  an  internal 
resistance  of  100",  the  current  flowing  through  each  circuit 
when  all  the  keys  are  depressed  is — 

25 
yV  of Y^r^  =  12*5  m.a. 

100  +  ^^^ 

If  but  one  key  is  depressed,  the  value  of  the  current  in 
that  circuit  is — 

roorrooo  =  ^^'^  ™-*-  ^pp''^^- 

It  will  therefore  be  evident  that  the  current  in  any  of 
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the  circuits  will  vary  between  12'5  m.a.  and  22*7  m.a. 
according  to  the  number  of  keys  which  happen  to  be 
simultaneously  depressed.  This  represents  a  variation  of 
55%,  which  would,  of  course,  render  satisfactory  working 
quite  impossible.* 

It  will  now  be  well  to  consider  the  battery  replaced  by 
one  of  the  same  E.M.F.  but  having  absolutely  no  internal 
resistance.  In  this  case  the  current  in  each  circuit  is 
always  25  m.a.  no  matter  whether  this  is  the  only  cir- 
cuit having  its  key  depressed  or  whether  aU  the  keys  are 
simultaneously  depressed. 

In  the  latter  case  the  joint  resistance  of  the  10  circuits  is 
is  100"'  and  the  total  curreiit  sent  out  by  the  battery  is 
250  m.a.,  but  this  divides  equally  between  them,  thus  giving 
25  m.a.  in  each.  When  one  key  is  depressed  the  resistance 
which  the  battery  encounters  is  1000"  and  the  current  is 
therefore  25  m.a.  as  in  the  previous  case.  In  other  words, 
the  circuits  have  absolutely  no  effect  upon  each  other,  and 
this  represents  the  ideal  condition. 

*  The  following  formulae,  which  may  be  readily  deduced,  are  frequently 
useful. 

Let  a  =  resistance  of  one  of  a  number  of  circuits,  wliich  may  be  of 
unequal  resistance,  connected  to  a  universal  battery. 
Bi  =  joint  resistance  of  all  the  circuits  connected  to  the  battery. 
p  s=  current  in  circuit  of  a»  resistance  when  all  the  circuits  arc 
working  expressed  as  the  percentage  of  the  cuiTeiit  in  a  when 
it  only  is  working. 
r  =  internal  resistance  of  battery. 

Where  the  circuits  are  of  equal  resistance  It  and  the  number  connected 

is  n — 


^  XH  +  nr) 


If  j;,  R  and  /•  are  specified,  the  number  of  circuits  n  which  may  bo 
connected  is — 

100 

-  -(Ji  +  r)-Ii 

n  =   P 

r 

If  p,  R  and  n  are  fixed,  r  most  not  exceed 
r  =  ^  nOO  -  p) 
pn  -  100 
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The  internal  resistance  of  even  the  smallest  form  of 
secondary  may  be  considered  quite  negligible  in  com- 
parison with  the  resistances  met  with  in  ordinary  telegraph 
practice,  and  therefore  the  size  of  the  cell  chosen  depends 
solely  upon  the  quantity  of  energy  required  for  a  given 
period. .  K  the  cells  were  too  small  it  might  be  necessary  to 
charge  them  two  or  three  times  a  day,  whereas  the  general 
practice  is  every  fourth  day. 

Universal  Working  with  Primary  Batteries. 

When  primary  cells  are  used  to  form  a  imiversal  battery 
the  internal  resistance  is  of  vital  importance,  and  its  value 
for  satisfactory  working  must  never  exceed  half  the 
joint  resistance  of  all  the  circuits  connected  to  it.  In 
general  not  more  than  five  or  six  circuits  are  connected 
to  a  primary  cell  universal  battery.  Moreover  the  resist- 
ances of  the  circuits  connected  should  not  differ  by  more 
than  25%.  Should  this  case  arise  resistance  blocks  are 
inserted  in  the  battery  leads  to  the  instrument.  The 
resistance  inserted  should,  however,  only  be  of  sufficient 
value  to  biing  up  the  resistance  of  the  circuit  to  within 
25%  of  that  of  the  highest  circuit  connected. 

Before  passing  on  to  the  consideration  of  the  various 
arrangements  it  will  be  necessary  to  consider  voltmeters 
and  ammeters,  since  these  instruments  are  essential  adjuncts 
to  the  secondary  cell  systems. 

Voltmeter. 

A  voltmeter  consists  essentially  of  a  galvanometer  wound 
to  a  high  resistance  and  with  its  scale  marked  to  read  in 
volts  direct.  By  referring  back  to  page  128  it  will  be 
seen  that  the  deflection  upon  a  high  resistance  galvano- 
meter is  proportional  to  the  E.M.F.  of  the  cell  connected  to 
it.  This  equally  applies  to  any  other  source  of  E.M.F.  pro- 
vided the  external  resistance  is  large  in  comparison  with 
the  internal.  Therefore  the  scale  of  the  instrument  may 
at  once  be  marked  in  volts  for  direct  reading.  The 
important  difference  between  an  ordinary  galvanometer 
and  a  voltmeter  is  that  in  the  former  case  a  standard  cell 
is    necessary  for    obtaining    the  constant,   and   that  the 
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instrunieiit's  deflections  cannot  be  relied  upon  to  always 
mean  the  same  value  without  actual  testing. 

A  voltmeter  may  then  be  defined  as  an  instrument  read- 
ing directly  in  volts,  but  whose  constant  does  not  change. 

One  type  of  insti-ument  used  by  the  Post  Office  is  known 
as  the  "  Weston,"  and  consists  of  a  D'Arsonval  galvano- 
meter with  an  aluminium  pointer  controlled  by  the  moving 
coil  and  two  flat  spiral  hair-springs.  These  springs  which 
oppose  the  motion  of  the  coil  are  of  non-magnetic  material, 
and  are  placed  in  front  and  at  the  end  of  the  pivoted 
moving  coil.      They  also  serve  the  purpose  of  connecting 


Fio.  256.— Weaton  voltmeter. 

the  ends  of  the  coil  to  the  stationary  terminals  of  the  instru- 
ment. The  general  arrangement  of  the  instrument  is  shown 
in  Fig.  255.  The  curved  w^roughf  iron  pole  and  centre 
pieces  ensure  a  uniform  magnetic  field  and  thus  render  the 
scale  uniform. 

The  scale  of  the  voltmeter  is  marked  from  0  to  15  volts, 
but  by  using  a  resistance  coil  in  series  the  divisions  read 
exactly  ten  times  these  values,  i.e,  from  0  to  150  volt«. 
The  resistance  of  the  instrument  is  1677*5"  for  15  volts, 
16775"  when  reading  up  to  150  volts. 
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Ammeters. 

Ammeters  are  employed  for  regulating  the  charging 
current  passing  through  the  cells  and  for  observing  the 
values  of  the  current  passing  over  the  various  main  leads. 
Like  the  voltmeter,  the  ammeter  must  be  of  such  construc- 
tion as  to  ensure  that  the  constant  does  not  change.  Its 
resistance  must,  however,  be  as  small  as  possible  since  it  is 
connected  in  the  main  circuit.  The  form  used  by  the  Post 
Ofl&ce  consists  of  a  low  resistance,  termed  the  ammeter 
shunt,  and  an  instrument  precisely  similar  to  the  voltmeter 
but  wound  to  a  much  lower  resistance.  The  current  pass- 
ing through  the  shunt  (Fig.  256)  creates  a  difference  of 
potential  between  its  terminals,  the  value  of  which  is  pro- 
portional to  the  value  of  the  current  passing.  The  instru- 
ment's deflections  are 
proportional  to  the 
differences  of  potential 
between  the  ends  of 
the  shunt  and  so  to  the 
current  flowing.  The 
scale  is  marked  in 
amperes,  and  like  the 
voltmeter  scale  the 
divisions  are  all  of 
uniform  length.  The 
resistance    of    the 

arrangement  for  reading  up  to  50  amperes  is  about  '00435" 
at  70°  F. 

It  should  be  pointed  out  that  by  using  a  number  of 
shunts  and  a  very  simple  form  of  switch  the  value  of  the 
current  can  be  measured  at  several  points  with  a  single 
instrument.  This  principle  is  largely  employed  in  con- 
nection with  the  power  arrangements  of  the  Common 
Battery  telephone  system. 

Voltages  Required. 
The  values  of  the  E.M.F.s  required  to  work  all  the  cir- 
cuits in  a  large  telegraph  office  differ  very  considerably, 
but  it  has  been  found  that  practically  the  whole  of  the 
conditions  are  met  by  providing  four  positive  and  four 
negative  values.  The  values  are  in  both  cases: — 
24^,  40^,  80^,  120^ 


>MUNT 

Fio.  256.— Ammeter. 
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24-.VOLT  Sets. 

The  installation  of  secondary  cells  may  be  divided  into 
two  distinct  groups,  respectively  termed  the  "  main  "  and 
"  24-volt "  batteries.  The  latter,  which  will  be  considered 
first,  is  used  to  work  the  local  circuits  and  to  provide 
main  battery  power  for  all  the  sub-office  or  other  minor 
circuits  for  which  24  volts  is  sufficient.  Since  these  cir- 
cuits are  usually  more  numerous  than  longer  ones,  and  the 
battery  also  provides  current  for  all  local  circuits,  a  larger 
type  of  cell  than  is  employed  upon  the  main  sets  is  fre- 
quently required.  For  these  reasons  the  24^  battery  is 
always  kept  separate  and  distinct  from  the  main  sets  which 
provide  40^  80^  and  120\ 

In  order  to  provide  for  the  re-charging  of  the  cells,  and 
also  to  ensure  a  stand-by  in  case  of  failure  or  accident,  the 
battery  is  provided  in  duplicate.  The  24^'  set  therefore 
consists  of  48  cells  or  four  groups  of  12  cells,  thus  pro- 
viding 24^'  positive  and  negative  and  two  groups  spare. 

Necessity  for  90O*  Sounders. 

With  20*  sounders  difiiculty  is  experienced  in  keeping 
the  resistance  of  the  battery  and  leads  to  the  point  at 
which  the  current  divides  sufficiently  low  for  satisfactory 
working.  For  instance,  the  variation  in  current  is  25% 
between  one  circuit  and  100  circuits  simultaneously  working 
when  the  resistance  of  the  battery  circuit  is  only  'OT".  In 
order  to  avoid  the  necessity  for  such  inconveniently  low 
values  all  local  -apparatus  {e.g.  sounders,  double  plate 
sounders,  uprighters,  etc.)  is  wound  to  a  resistance  of  1000* 
with  a  9000"  shunt,  thus  giving  a  joint  resistance  of  900*. 
Under  similar  conditions  the  current  variation  would  be 
25%  with  a  battery  resistance  of  approximately  3*,  a  value 
which  would  never  be  reached  under  the  worst  possible 
conditions. 

The  power  required  to  work  any  900*  local  is  24  volts, 
and  therefore  the  circuits  are  divided  into  approximately 
equal  groups,  the  one  group  being  worked  by  the  jwsitive 
and  the  other  by  the  negative  24^  battery. 

Main  Sets. 
The  main  battery  consists  of  eight  groups  of  20  cells 
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each,  two  groups  of  which  are  always  spare.  The  complete 
installation  is  shown  diagrammatically  in  Fig.  257.  It  is 
important  to  notice  that  the  groups  of  cells  will-  not  be 
worked  evenly  since  the  last  sets  of  cells  forming  the 
120^  lead  are  only  called  upon  to  supply  current  for,  the 
circuits  requiring  that  E.M.F.,  whereas  the  inner  sets 
supply  all  circuits  requiring  40^  and,  in  addition,  provide 
current  for  those  requiring  80^  and  120^.  The  groups  pro- 
viding 40^  are  therefore  worked  more  heavily  than  those 
providing  80^'  or  120^,  and  similarly  the  groups  providing 
80^  are  more  heavily  worked  than  those  providing  120^. 
Hence  inner  cells  would  become  discharged  before  the  outer 
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Pig.  257.~-Complete  instaUaUon  of  secondary  oellB. 


ones.  In  order  to  secure  greater  uniformity  in  output  a 
somewhat  complex  switch  has  been  devised  to  change  the 
positions  of  the  groups.  For  the  first  day  No.  4  set  sup- 
plies 40^,  for  the  second  80^,  for  the  third  120^,  whilst  upon 
the  fourth  day  it  is  being  charged. 

Two  switches  are  employed,  one  of  which  deals  with  the 
positive  and  the  other  with  the  negative  groups.  Each 
switch  has  four  positions  corresponding  with  the  four  ways 
in  which  the  cells  may  be  joined  up.  The  connections 
formed  in  each  jjosition  of  the  negative  switch  are  shown 
in  Fig.  258.  The  positive  switch  is  similarly  arranged, 
and  a  sketch  of  the  skeleton  connections  would  be  merely 
a  repetition  of  the  last  figure.  The  arrangement  will  be 
quite  apparent  from  the  comparison  of  Figs.  257  and  258 
with  the  table  given  upon  the  subsequent  page. 
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Table  showing  Connections  of  the  Main  Sets. 


Negative  seta. 

Positive  sets. 

Position 

of 
switch. 

No.  of  let  connected  to 

Position 
of 

switch. 

1 
No.  of  set  connected  to 

On 
charge. 

1 
120*. 

80*. 

40^ 

40».       80'. 

1 

120'. 

on      1 
charge. 

No.  1 
l8t  day 

1 

2 

3 

4 

No.  1 
l8t  day 

4         3     1     2 

1 
1 

No.  2 
2nd  day 

2       1     8 

4 

1 

No.  2 
2nd  day 

1     !    4         8 

1                    1 

2 

No.  3 
8rd  day 

3       1     4     ' 

1 

2 

No.  8 
3rd  day 

1                    1 

2     '     1     1     4 

8 

No.  4 
4th  day 

4            1 

2 

3 

No.  4 
4  th  day 

8         2         1 

I 

4 

General  Scheme  of  Fuses. 

The  use  of  secondary  cells  entails  the  provision  of.  fuses, 
since  large  currents  may  readily  result  from  the  presence 
of  faults.  These  excessive  currents  may  seriously  injure 
the  cells  and  also  might  quite  easily  produce  a  fire  were 
precautions  not  taken  to  prevent  the  continuous  passage 
of  current  of  abnormal  value.  A  20-ampere  fuse  is  inserted 
at  the  cells  in  the  leads  to  the  "  switch  cabinet/*  and  5- 
ampere  fuses  are  placed  in  the  leads  at  the  "  main  distribut- 
ing cabinet "  in  the  instrument  room.  After  passing  these 
fuses  the  leads  go  to  the  various  "  distribution  and  fuse 
cases  "  upon  the  tables.  At  these  points  1-ampere  glass  tube 
fuses  are  inserted  between  the  main  leads  and  the  instru- 
ments themselves.  Every  instrument  is  represented  by  a 
fuse  upon  this  case,  and  it  is  therefore  impossible  for  a 
fault  upon  one  instrument  to  blow  a  main  fuse  and  thus 
temporarily  stop  the  working  of  every  circuit  using  the 
voltage  in  question.  The  general  scheme  is  sufficiently 
indicated  in  Fig.  259. 

Battery  Room. 
The    battery  room  should    be   fairly    large   and    well 
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ventilated,  owing  to  the  acid  spray  which  pervades  the 
atmosphere  whilst  charging  is  proceeding.  The  cells  are 
carried  upon  the  trays  and  insulators  described  in  the 
previous  chapter,  resting  upon   pitch-pine  racks.     These 
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Fig.  258.— Connections  of  cells  in  each  position  of  the  inain  switch. 

racks  should  be  so  placed  that  the  cells  can  be  inspected  from 
both  sides.  The  floor  of  the  room  is  covered  with  sheet 
lead,  the  various  seams  in  which  are  burnt,  and  not  soldered, 
together. 

The  ideal  method  of  connecting  the  cells  together  is  by 
lead  burning,  so  dispensing  with  bolted  connections.     The 

H  H 
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disadvantage  is  that  to  remove  a  cell  entails  cutting  the 
connections.  In  telephone  installations,  where  the  battery 
is  used  to  provide  "  speaking "  power,  the  connections 
between  the  cells  are  invariably  burnt  together,  but  for 
telegraphic  purposes  the  same  need  for  keeping  the  I'esist- 
ance  of  the  battery  down  to  the  lowest  possible  limit  does 
not  exist.  The  Hart  Company  provide  a  bolt  and  nut 
made  of  a  lead  alloy  which  is  not  affected  by  the  acid 
spray.     Other  makers  employ  brass  nuts  and  bolts,  and 
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Fia.  259. — General  principle  of  application  of  fUaes. 

trust  to  the  layer  of  acid-resisting  paint  with  which  they 
are  covered  for  protection. 

Main  Fuses  at  the  Cells. 

The  leads  are  taken  from  the  cells  to  a  grooved  casing 
running  along  the  side  of  the  racks,  but  before  entering 
the  casing  a  fuse  is  inserted.  This  fuse  consists  of  a 
circular  fibre  tube  with  a  suitable  slot  to  give  access  to  the 
fuse  wire,  which  is  of  silver.     The  cables  are  seven  strands 
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of  No.  16  copper  wire,  insulated  with  paper,  imprep:iiated 
with  resin  oil,  and  covered  with  a  seamless  sheathing  of 
lead.  The  cable  is  connected  to  the  fuse  by  means  of  a 
thimble  connector  and  a  brass  sleeve,  the 
latter  being  soldered  on  to  the  lead  covering 
of  the  cable  as  illustrated  in  Fig.  260. 


Switch  Cabinet. 

From  the  cells  the  leads  pass  on  to  the 
switch  cabinet,  which  is  also  placed  in  the 
battery  room.  Dealing  with  the  24-volt  sets 
first,  it  will  be  seen  (Fig.  261)  that  the  leads 
pass  to  the  centre  of  points  of  four  double- 
pole  two-way  switches.  With  the  switches 
in  the  positions  shown  sets  1  and  3  are  con- 
nected to  the  24^  leads  to  the  instrument 
room  with  the  junction  of  the  sets  earthed, 
whilst  sets  2  and  4  are  connected  in  series  to 
the  dynamo  through  the  48^  charging  switch 
(Fig.  262).  Sets  1  and  2,  which  provide  the 
negative  voltage,  are  interchangeable,  as  are 
sets  3  and  4  positive  voltage,  and  therefore 
the  following  combinations  are  possible  : — 

2  and  4  charging. 
2  and  3 
1  and  4 


Sets  l^and  3  working, 
„     1  and  4 
,,    2  and  3         ,, 


2  and  4 


1  and  3 


Details  of  Positive  and  Negative  Switches. 

The  positive  and  negative  main  switches 
are  of  a  far  more  complicated  character,  since 
three-fourths  of  the  cells  are  working  whilst 
the   remaining  fourth  is   spare   or   is  being 
charged.     Moreover,  arrangements  have  been 
made  so  that  whilst  the  switches  are  being 
moved  the  power  is  never  cut  off  from  the 
instrument  room.     This  is  effected  by  placing  two  sets  in 
parallel  on  to  the  various  main  leads  until  the  set  of  cells 
to  be  charged  is  in  parallel  with  the  last  set,  when  it  is 
moved  on  to  the  charging  leads.     The  connections  of  the 


Fio.  260.— Method 
of  terminating 
cables  and  ftue 
at  the  cell. 
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positive  and  negative  switches  are  identical,  and  the  latter 
is  illustrated  diagrammatically  in  Fig.  263. 


^a^CHARGlNG 


-2V 


+  2+" 


6ET3IL 


I DYNAMO 


Fio.  201.— 24»  battery  gwitches. 

The  switch  consists  of  a  commutator  barrel  upon  which 
are  placed  eight  continuous  rings  connected  to  the  yarious 

members  of  the  eight  rings  of 
segmental  blades  bearing  similar 
numbers  to  those  of  the  con- 
tinuous rings.  Upon  the  drums 
two  sets  of  eight  brushes,  con- 
nected as  shown,  make  contact 
with  the  segmental  blades.  The 
commutator  is  revolved  to  make 
the  various  changes  whilst  the 
brushes  are  stationary.  The  main 
switches  are  operated  by  means 
of  a  removable  handle  (not  shown  in  Fig.  265)  upon  the  side 
of  the  cabinet.  From  Fig.  263  the  various  changes  may 
readily  be  traced,  but  in  order  to  render  the  arrangement 
quite  clear,  the  following  note  of  the  various  changes  is 
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Fio.  262.— Skeleton  conneotionB 
of  Fig.  201. 
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Main  Charging  Switches. 
The  main  ohar^ng  Rwitoliefl  and  the  general  arrange- 
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ment  of  the  positive  and  negative  main  switches  are  shown 
in  Fig.  264.  The  dotted  connections  between  the  cells  and 
the  main  leads  to  the  instrument  room  show  the  main 
positive  and  negative  8\vitches  each  in  the  fourth  position, 
but  these  connections  are  as  shown  in  Fig.  258  if  the 
switches  occupy  any  one  of  the  three  other  positions. 

The  charging  leads  pass  through  the  two  double-pole 
switches  (one  for  the  positive  and  one  for  the  negative 
main  sets)  through  an  adjustable  resistance  on  to  the 
positive  and  negative  main  switches.  Finally,  in  series 
with  each  set  of  cells  a  single-pole  switch  is  inserted. 


it.»Na    '  ! 


Fio.  263.— ConDections  of  the  drum  switch  for  the  negative  main  setH. 

The  resistance  mentioned  is  of  bare  wire  and  may  be 
connected  up  so  as  to  give  resistances  of  f",  I**  and  1^**, 
and  enable  the  40""  sets  to  be  charged  in  parallel  with 
two  24*  sets.  The  object  of  the  resistance  is  solely  to  take 
up  the  difference  of  8*  which  exists  between  the  E.M.F.s 
of  the  sets. 

The  general  appearance  and  arrangement  of  the  switch 
cabinet  is  indicated  in  Fig.  205. 

Main  Distributing  Cabinet. 
From   the  sw^itch   cabinet   the  leads   pass  to  the  main 
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distributing  cabinet  in  the  instrument  room.  Here  the 
leads  pass  through  U-links  and  5-ampere  fuses  of  the 
same  type  as  those  illustrated  in  Fig.  260,  but  with  a  finer 
wire.     A  voltmeter  is  also  provided  for  testing  purposes, 


mOM  LOCAI.  SW>TCWe» 


-I-MAIN5WITCH 


-JET  I.  -seT8.-deT3.-srp*; 

r--^__.J  , 
I      r       , I 

Icharging!  |CHAR6IN0 


DYNAMO 
SWITCHES. 


I 
Fio.  264.— Main  chaxgiug  switches 
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and  is  placed  within  the  cabinet  behind  the  glass  door. 
The  general  appearance  and  arrangement  of  the  cabinet 
will  readily  be  perceived  from  Fig.  20(). 
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There  is  space  for  two  additional  leads  beyond  120^ 
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Fio.  205.— Switch  cabinet. 


and  these  voltages  when  required  are  formed  by  adding 
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ordinary  bic^liromate  cells  until  the  required  voltage  is 
obtained.  The  cases  are,  however,  so  few  that  the  pro- 
vision of  secondary  cells  is  not  warranted. 
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Fio.  266.— Main  distributing  cabinet. 

The  cabinet  illustrated  provides  for  two  separate  sets  of 
leads  to  the  tables,  and  thus  enables  the  office  to  be 
divided  into  two  halves.     In  very  large  offices  the  division 
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is  sometimes  carried  further,  and  more  than  two  tablets 
are  provided,  whilst  for  small  offices  but  half  the  provision 
shown  is  required,  and  a  single  set  of  leads  run  round  the 
whole  of  the  instrument  room. 


Distribution  and  Fuse  Case. 

A  distribution  and  fuse  case  is  provided  for  every  three 
tables,  and  is  placed  upon  the  end  of  the  central  table,  but 
with  the  front  in  the  opposite 
direction  to  the  front  of  the  instru- 
ments. The  power  leads  are  tapped 
off  below  the  floor-line,  and  are 
carried  to  the  case  in  an  iron  trough- 
ing.  The  power  lead  is  bared  by 
removing  the  lead  sheathing,  and 
impregnated  paper  and  a  similarly 
stripped  length  of  cable  is  then 
soldered  on  to  the  power  lead  ;  the 
whole  is  then  carefully  insulated  and 
covered  by  a  shaped  piece  of  lead 
sheet  securely  soldered  so  as  to  form 
an  air  and  water  tight  joint. 

The  tablet  (Figs.  267  and  268) 
provides  for  80  fuses — i.  e.  ten  for 
each  voltage,  but  by  altering  the 
connecting  straps  which  normally 
join  the  power  leads  through  to  the 
cut-out  strips  from  the  vertical  to 
the  horizontal  position,  sufficient 
flexibility  is  obtained  to  meet  all  the 
possible  requirements. 
The  base  of  the  case  is  of  porcelain,  with  suitable  holes 
for  the  insertion  of  the  fuses.  The  brass  strip  which 
closes  the  back  of  each  hole  is  connected  to  the  particular 
voltage  dealt  with  by  the  strip.  Upon  this  strip  a  spiral 
spring  (Fig.  207)  is  placed  so  as  to  press  upon  and  make 
satisfactory  contact  with  the  end  of  the  glass-tube  fuse 
(see  Chapter  XVIII)  which  normally  rests  upon  it.  The 
other  end  of  the  fuse  makes  contact  with  the  inner  part  of 
the  screwed  brass  cap  which  normally  holds  it  in  position. 
The  base  on  to  which  the  cap  screws  is  connected  to  the 


Fio.  267.— Section  of  dlstri- 
bution  and  fu8e  case. 
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instrument  leads  of  the  circuit  to  which  it  is  attached,  and 
thus  a  fuse  is  inserted  in  every  lead  from  the  case  to  the 
instruments.  The  fuses  are  of  the  usual  glass-tube  pattern, 
with  2-mil  platinum  wire  which  fuses  at  one  ampere. 

Under  normal  conditions  the  fuses  are  not  visible,  and 
to  examine  them  it  is  necessary  to  remove  the  brass  cap 
(which  at  once  disconnects  the  power  from  the  instrument; 
and  remove  the  fuse. 

Special  cords  are  used  for  changing  the  power  supplied 


Fio.  268.— Front  view  of  distribution  and  fuse  case. 

to  a  circuit  having  a  fuse  cap  at  one  end  and  a  fuse  cap 
with  an  ebonite  insulated  connector  at  the  other,  the  fuse 
cap  and  fuse  are  removed  from  the  circuit  in  question,  and 
their  place  is  taken  by  the  connector,  the  cap  of  which  is 
screwed  into  position.  The  other  end  of  the  cord  is  then 
connected  in  the  ordinary  way  to  any  spare  position  on  the 
voltage  required,  a  fuse  being  of  course  inserted  at  this 
point. 

The  leads  from  the  fuse  case  to  the  instruments  of  the 
table  upon  which  it  stands  are  single  india-rubber  and 
cotton   covered  No.  20  copper  w^ire,  whilst  those  to  the 
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adjoining  tables,  which  necessarily  pass  beneath  the  floor 
in  the  iron  troughing,  are  of  similar  description,  but  have 
a  lead  sheathing  instead  of  the  external  braiding  of  cotton. 


ORIGINAL  SECONDARY  CELL  SYSTEM. 

It  will  now  perhaps  be  well  to  very  briefly  describe  the 
older  secondary  cell  system  which  is  being  superseded  by 
that  already  considered.  There  are  many  of  the  old  instal- 
lations in  existence,  and  therefore  a  brief  general  outline 
will  probably  prove  useful  at  offices  where  the  arrangement 
still  exists. 

The  chief  points  of  difference  are  that  in  the  older 
system  the  main  cells  are  duplicated  in  their  entirety, 
and  that  the  instrument  fuses  are  placed  at  the  instruments 
whilst  a  distributing  case  is  provided  at  every  table. 

The  voltages  provided  are  the  same  as  in  the  new 
arrangement  save  that  a  60''  lead  is  also  in  use. 

The  24""  battery  is  provided  in  duplicate,  just  as  in  the 
later  system. 

Main  Switches. 

The  complete  set  of  main  cells  is  shown  in  Fig.  269. 
Each  of  the  eight  sets  A|,  4 2,  Bi,  B2,  Cj,  Cg,  D^  and  D^, 
consists  of  30  cells;  Bj,  Bg*  ^i»  ^^^  ^2  being  duplicates 
of  Ai,  A2,  Cu  and  Cg  respectively.  Ai  and  Cj  each  have 
20  cells  on  the  left  and  10  on  the  right  of  the  "  tap  "  wire 
T,  whilst  A2  and  Cg  have  10  cells  on  the  left  and  20  on  the 
right. 

In  order  to  give  the  cells  approximately  equal  amounts 
of  work  a  switch  termed  the  "reverser"  is  employed. 
When  the  switch  is  raised  the  cells  supplying  the  positive 
and  negative  voltages  are  reversed  thus :  Oj  and  Cg  are 
connected  to  the  negative,  and  A^  and  A 2  to  the  positive 
leads.     The  battery  is  then  arranged  thus — 


-  120^  earth  120^  + 

I  I 


Ci  +  cv 
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For  the  sale©  of  simplicity  the  intermediate  voltages 
provided  by  the  various  "tap"  wires  have  been  omitted, 
but  coniparison  with  Fig.  260  ivill  render  the  arrangement 
quite  apparent. 

To  effect  thiti  change  the   switch  makes  the  following 

A^  -  W  with  Cj  ^  4i}\ 
A^  T        with  C^  T. 

A^  +  20"  and  il.^  -  20^  with  C^  +  20"  and  C^  -  20\ 
A^  T  with  0.  T. 
A^  +  40^^  with  Cj  +  m\ 

Also  A^  —  40'  and  Cg  +  40^  are  earthed  in  place  of  A<,  +  40"" 
and  Ci  -  m\ 


-\to*-m*  '60*   -fo*  EARTH  W-^  6ii^   5oV  lacT-i- 


-40 


^,^10 


+^3340  T  ^.SfZao 


HlhHiP  4h4IH  HIHIH  4HlH 

'ai  *         'A2'         'c/         'Ca' 


k40 


IN  USE 

DUPLICATE  Bi  Ba  Di  Dz 

I'jo.  'M>.— ArmngvDiciit  of  the  ulditsr  tjpe  of  secondary  cell  plant. 


The  setB  ^^1  ^  and  Ag  ate  changed  for  the  sets  5^  and  B2 
hy  lowering  the  **  A  and  B  "  switch  lever,  whilst  0^  and  C2 
may  be  replaced  by  Dj  and  D^  by  lowering  the  "  C  and  D  '* 
switch  lever.  In  fact  the  arrangement  maybe  summarised 
as  follows  : — The  positions  of  tlie  "  A  and  B  "  and  "  C  and 
D*'  levers  det^nnine  which  set  of  cells  is  to  be  connected 
t*i  the  inBtnimeut  room,  whilst  the  reverser  determines 
their  relative  puaitions. 

L  The  following  tabic  shows  the  disposition  of  the  working 
Sells  in  each  position  of  A  and  B,  C  and  D,  and  reverser 
lever® ; — 
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Position  of  Levers. 

Battery 

Battery 

1 

supplying 

suppljing 

negative 
voltages. 

positive 

Main  A  or  6. 

Reveraer. 

Main  C  or  D. 

voltages. 

Up 

Down 

Up 

A 

C 

Up 

Up            !            Up            1 

C 

A 

Down 

Down 

Up 

B 

0 

Bowu 

Up 

Up 

C 

B 

Up 

Down 

Down 

A 

D 

Up 

Up 

Down 

D 

A 

Down 

Down 

Down 

B 

D 

Down 

Up 

Down         1 

D 

B 

The  leads  of  the  cells  which  are  not  in  use  are  passed 
on  to  the  "  looping  switch."  In  the  upper  position  of  this 
switch  the  cells  are  connected  to  the  "looping"  leads  to 
the  instrument  room,  whilst,  in  the  lower  position,  they 
pass  to  the  charging  switches.  These  switches  determine 
whether  Ai  A^,  or  both,  or  whether  C^  C^,  or  both,  are 
connected  to  the  dynamo  for  charging  when  B  and  D  sets 
are  working.  When  A  and  C  are  working  ^j,  B^^  or  both 
may  be  charged  or  Dj,  Djj  ^^  both,  may  be  charged. 


Distribution. 

The  leads  from  the  cabinet  to  the  main  distributing 
cabinet  were  provided  in  duplicate,  so  that  a  faulty  lead 
could  at  once  be  replaced  or  the  second  lead  could  be  used 
whilst  a  fuse  was  being  replaced  in  the  first.  Moreover 
fuses  were  inserted  in  the  switch  cabinet  instead  of  at  the 
cells.  The  duplication  of  the  leads  was  found  to  be  un- 
necessary, and  it  will,  no  doubt,  have  been  noticed  that  this 
is  not  done  in  the  case  of  the  new  arrangement.  The 
distributing  tablets  placed  upon  each  table  have  45 
test  holes,  15  of  which  are  connected  to  the  main  power 
leads  only.  Formerly  arrangements  were  made  for  con- 
necting the  spare  set  of  cells  to  the  instrument  r(X)m  for 
working  metallic  circuits  during  the  prevalence  of  earth 
currents,  but  the  arrangement  has  been  abandoned  on 
account  of  the  fact  that  two  offices  each  having  secondary 
cells  cannot  work  in  this  way.  The  "  looping "  battery 
was  not,  of  course,  earthed  at  the  centre,  but  was  connected 
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to  one  line  of  the  metallic  circuit,  the  positive  and 
negative  leads  being  connected  to  the  key  in  the  ordinary 
way. 

The  test  holes  were  connected  by  U-links  as  indicated  in 
Figs.  270  and  271.     The  fuse  box  was  joined  up  as  shown 


.O 


ax  I  loinarTj    i  wh     i  l  op »   i   |u>cai.  |    IlocalI 


ooooooooo  oooooo 
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Fio.  270.— Distaibation  tablet  fixed  upon  each  table  in  the  old  type  of  installation. 

and  a  cemmon  earth  connection  was  not  employed.  The 
somewhat  peculiar  arrangement  of  the  fuse  box  was  adopted 
in  order  to  prevent  a  fuse,  wrongly  inserted  between  two 
adjacent  clips,  from  producing  a  short  circuit  without  the 
intervention  of  a  fuse. 


DISTRIBUTING 
TABLET      * 


MAIN         LOCAL 

«. V  "* 

TO   iNSTRUMEfWTS. 

Fia.  271.— Arrangement  of  instrument  battery  leada  and  tuaea  in  older  type 
of  installation. 


Charging  Arrangements. 

Before  discussing  the  charging  arrangements  it  is  neces- 
sary to  indicate  how  Ohm's  law  may  be  applied  to  a  circuit 
consisting  of  a  dynamo  charging  a  battery  of  secondary  cells. 
If  the  opposing  E.M.F.  of  the  cells  is  e  volts  whilst  E  is  the 
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E.M.F.  of  tlie  dynamo,  and  B  the  total  resistance  of  the 
circuit,  the  resulting  current  G  is  obtained  thus — 

.,  _E-c 
^-      R 

The  opposing  or  back  E.M.F.  of  the  battery  is  2*1  volts 
per  cell  at  the  beginning  of  the  charge,  whilst  at  the  end 
it  wiU  have  risen  to  25  volts  per  cell. 

Example. — It  is  required  to  charge  25  cells  from 
a  dynamo  having  an  E.M.F.  of  100^  and  a  resistance  of 
•02**.  If  the  charging  current  is  to  be  maintained  at  15 
amperes  what  resistance  must  be  inserted  in  the  circuit  at 
the  beginning  and  at  the  end  of  the  charge?  The  resistance 
per  cell  is  '0015**  and  the  resistance  of  the  leads  '02" — 

Internal  resistance  of  cells     .     '0015  X  25  =  "0375** 
Resistance  of  dynamo  ...  =  '02** 

Resistance  of  leads,  fuses,  etc.  =  '02** 

Total  resistance  of  circuit .     .  =  'OTTS- 


Back  E.M.F.  at  beginning  of  charge  =  21^  X  25  =  522^' 
end  „       „       =  2-5^  X  25  =  625^ 

Current  -  Charging  E.M.F.  —  Back  E.M.F. 
Total  resistance 
Effective  E.M.F. 


or 


Total  resistance 


At  the  beginning  of  the  charge,  effective  E.M.F.  = 
100^  -  52-5^  =  47-5\ 

Resistance  to  be  inserted  at  beginning  of  charge — 
-  316  -  -OTTS"  =  3-09"  approx. 

Similarly,  at  the  end  of  the  charge  the  resistance  to  be 
inserted  =  2'45**  approx. 

Example. — It  is  required  to  charge  two  batteries  of 
respectively  20  and  24  cells  .  in  parallel  at  10  amperes 
each.  What  resistance  will  be  required  to  be  added  to  the 
smaller  battery  if  the  E.M.F.  of  the  dynamo  is  65^? 


10 

•5- 

65- 

20x2 

5 

10 

1-5- 

1-5- 

•5  =  1" 
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65  —  24  X  2*5 
Resistance  of  circuit  of  larger  battery 


Resistance  of  circuit  of  smaller  battery 


Additional  resistance 

This  problem  illustrates  the  calculation  of  the  resistance 
required  to  reduce  the  voltage  applied  to  the  main  s^ts 
(see  page  470). 

Provision  of  Charging  Current. 

In  a  very  small  number  of  cases  where  the*  current 
required  is  very  large  it  is  economical  to  provide  a  separate 
engine  and  dynamo  for  charging  the  cells.  Where  the 
Post  Office  has  an  electric  light  plant  the  cells  are  usually 
charged  from  it,  since  the  voltage  most  frequently  needed 
is  60^'  and  that  employed  for  lighting  100^  or  there- 
abouts. If  there  is  no  office  lighting  plant  current  is 
taken  from  the  town  mains  and  is  employed  to  charge  the 
cells  directly  if  continuous  current  and  of  suitable  E.M.F. 
Where  the  supply  is  either  alternating  current  or  con- 
tinuous current  at  a  pressure  of  200^  and  over,  motor- 
generators  are  employed.  A  motor-generator  consists  of  a 
motor  and  a  dynamo  coupled  together.  The  design  of  the 
motor  is  adapted  to  the  conditions  to  be  met,  viz.  the 
power  needed,  the  character  of  the  supply  (alternating  or 
continuous  current)  and  the  pressure  of  the  supply. 

There  is  also  the  case  of  very  small  offices  in  which  there 
is  no  available  power  supply,  and  in  which  it  is  not 
economical  to  provide  a  special  power  plant.  In  such  a 
case  the  cells  are  charged  from  primary  batteries,  but  as  a 
rule  the  system  would  only  be  adopted  where  single 
current  systems  (i.  e.  S.N.,  D.P.S.,  and  direct  and  single 
sounders)  are  employed. 

Where  a  special  dynamo  is  provided  or  where  a  motor 
generator  is  employed,  the  insertion  of  resistance  between 
the  machine  and  the  cells  is  extremely  wasteful  in  energy, 
and  therefore  the  current  is  regulated  by  varying  the 
E.M.F.  of  the  dynamo  or  generator.     This  is  accomplished 
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by  means  of  the  rheostat  connected  in  series  with  the  field 
magnets  of  the  dynamo.  The  introduction  of  resistance 
reduces  the  flux  through  the  armature  and  consequently 
reduces  the  E.M.F.  generated.     In  this  way  the  excitation 


POWER 


SUPPLY    — 


—  DOUBLE     POLE  5WITCH  — 


X  MAIN    —    FUSES   X 


O     til 

^  ^ 

?i 

s  a 

•— |0|0|Ql[h 


Fio.  272.— Automatic  cut  out. 

may  be  varied  within  fairly  wide  limits  without  seriously 
affecting  the  efficiency  of  the  machine. 

The  efficiency  of  a  motor  generator  of  small  size  is 
usually  of  the  order  of  70%,  and  it  is  therefore  preferable 
to  place  resistance  in  series  with  the  cells  when  the  E.M.F. 
available  is  100^.  For  this  purpose  a  regulating  switch 
with  20  points   and   having  a  total  resistance  of  22-  is 
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provided  {vide  Fig.  272).     Where  the  voltage  is  200^  or 
over  a  motor-generator  is  more  economical. 

Where  the  supply  is  alternate  current  there  is,  of  course, 
no  alternative  to  the  use  of  a  motor-generator. 

Eleotromagnetio  Cut-outs. 

If,  from  any  cause,  the  dynamo  were  to  stop,  the  cells 
would  immediately  commence  to  discharge  themselves 
through  the  machine  and  serious  damage  to  both  the  cells 
and  the  machine  would  probably  result.  This  possibility 
is  obviated  by  the  use  of  the  "  electromagnetic  cut-out " 
which  is  included  in  the  circuit  between  the  cells  and  the 
machine.  Immediately  the  current  reverses,  the  cut-out 
breaks  the  main  circuit.  In  some  forms  the  instrument 
also  operates  when  the  current  rises  above  a  certain  value 
determined  by  adjustment. 

The  type  formerly  employed  by  the  Post  Office,  con- 
sists of  a  special  form  of  polarized  relay,  with  an  electro- 
magnet operating  a  detent,  included  in  its  local  circuit. 
The  positive  main  lead  from  the  dynamo  passes  through 
the  main  coil  of  the  instrument  and  thence  through  two 
springs  which,  during  charging,  are  connected  together 
by  the  wedge-shaped  block  of  brass  fixed  upon  the  movable 
handle  which  is  carried  upon  a  strong  spring.  In  this 
position  the  handle  is  held  by  the  detent.  Under  normal 
conditions  the  charging  current  passes  through  the  main 
coil  in  such  a  direction  as  to  leave  the  polarized  relay 
unaffected.  When,  from  any  cause,  the  current  reverses 
the  polarized  relay  closes  the  local  circuit  through  the 
detent  electromagnet  and  the  handle  flies  away,  thus 
breaking  the  circuit. 

The  cut-out  now  used,  illustrated  in  Fig.  272,  consists 
of  an  electromagnet  with  a  movable  polarized  armature, 
mechanically  attached  to  which  is  a  (T^taped  conductor 
normally  resting  above  a  pair  of  mercury  cups  connected  in 
the  main  circuit.  The  armature  lies  within,  and  is  polar- 
ized by  the  2000"  coil  placed  directly  across  the  leads  from 
the  cells.  The  700"  winding  upon  the  left  limb  of  the 
electromagnet  is  energized  by  the  djmamo  acting  through 
the  2000"  coil.  The  top  of  the  armature  is  repelled  to 
the  right,  but  the  windings  have  been  so  designed  and  the 
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weights  so  adjusted  that  the  E.M.F.  of  the  dynamo  must 
exceed  that  of  the  cells  by  5  volts  before  the  maiu  cou- 
nection  is  made  by  the  descent  of  the  r|-<^'^Ji^l^i^'tor  ii^^o  the 
mercury  cups.  When  this  happens  the  main  or  charging 
current  flows  through  the  *!"  coil,  and  tends  to  hold  the 
armature  to  the  right.  Immediately  the  current  fails  or 
reverses,  this  coil,  which  produces  a  powerful  field,  repels 
the  armature  and  breaks  the  circuit. 

It  will  therefore  be  seen  that  the  device  automatically 
cuts  in  the  dynamo  when  its  E.!M.F.  exceeds  that  of  the  cells 
by  5  volts,  and  that  it  breaks  the  circuit  instantly  the 
current  reverses,  due  to  the  cells  discharging  back  thixjugh 
the  dynamo. 

Otfier  Apparatus  Required. 

In  every  case  an  ammeter  is,  of  course,  included  in  the 
main  circuit  for  the  observation  and  regulation  of  the 
charging  current.  Where  a  dynamo  or  a  motor-generator 
is  used  a  voltmeter  is  also  added. 


Size  of  Cells. 

The  capacity  (A)  of  the  main  cells  is  given  by  the  follow- 
ing formula  determined  exj)erimentally — 

A  ^  ^^  (^1  +  ^^) 
A' 

where  C  —  the  sum  of  the  line  (currents  required  for 
every  circuit  requiring  over  24^'  if  worked 
sinmltaneously. 

ij  -  the  sum  of  the  times  (in  hours)  during  which 
each  double  current  and  quadruplex  circuit  is 
worked  during  the  busiest  period  of  the  year. 

t.i  ~  one  quarter  of  the  sum  of  the  times  (in  houi*s) 
during  which  all  other  circuits  are  working. 

N  ~  total  number  of  circuits  of  all  types  requiring 
E.M.F.s  of  over  2\\ 

Where  the  number  of  single  current  circuits  upon  either 
side  of  the  battery  is  unecjual,  provision  is,  of  course,  made 
on  the  basis  of  that  requiring  the  larger  current. 
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The  capacity  (A,)*of  the  24^'  cells  is  :  — 


3Cif, 


wliero  C\  =  the  Riim  of  the  currents  flowing  if  every  line 
and   local   circuit    upon    the   more  heavily 
worked  side  of  the  24^'  battery  is  in  operation, 
fg  =  one  quarter  of  the  sum  of  the  time  in  hours 
during  which  each  circuit  is  used  during  tlie 
busiest  period  of  the  year. 
Ni  —  number  of  circuits  operated  from  the  more 
heavily  worked  side  of  the  battery. 
These  formulre  provide  a  margin  of  60%. 


CHAPTER   XVI 

ALTERATIONS  IN  THE  CIRCUIT  CONNECTIONS  FOR 
UNIVERSAL  BATTERY  WORKING. 

rpHE  general  principles  underlying  the  changes  which  are 
X  made  in  the  connections  of  the  apparatus  for  universal 
battery  working  are  of  a  simple  and  obvious  character.  In 
the  previous  chapter  it  was  pointed  out  that  the  sending 
circuits  must  be  simplified  to  the  general  form  illustrated 
in  Fig.  253.  Where  currents  in  both  directions  are  to  bo 
transmitted,  the  two  keys  or  the  two  positions  of  the  one 
key  must  connect  either  the  positive  or  the  negative  earthed 
battery  to  the  line.  Excluding  the  case  of  intermediate  offices, 
it  will  be  seen  that,  having  altered  the  sending  portion  of 
the  key  or  keys  to  fit  the  new  conditions,  the  same  terminal 
of  the  set  must  be  connected  through  to  line  in  every  case 
whether  the  station  is  up  or  down.  For  a  do\vn  station  this 
entails  the  reversal  of  the  battery  and  the  reversal  of  the 
direction  in  which  the  relay  is  connected.  It  will  also  be 
obvious  that  the  key  or  keys  must  not  connect  the  battery 
to  earth. 

In  the  case  of  intermediate  offices  the  key  or  keys  must 
be  of  the  same  type  as  in  ordinary  working,  since  it  is 
necessary  to  connect  the  negative  E.M.F.  to  the  up  line, 
whilst  the  positive  E.M.F.  is  joined  to  the  down  line,  or 
vice  ret^sa.  Since  the  key  or  keys  merely  effect  a  reversal, 
the  same  E.M.F.  is  necessarily  connected  to  both  the  up  and 
to  the  down  line.  Where  the  resistances  of  these  lines  differ 
widely  artificial  resistance  is  introduced  into  the  shorter  line 
in  order  to  prevent  the  current  sent  out  attaining  too  high 
a  value. 

These  are,  then,  briefly  the  general  underlying  principles 
which  govern  the  changes  necessary,  and  a  careful  review 
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of  the  above  generalizations  should,  after  reading  the  details 
of  the  various  changes,  prove  of  service  in  memorizing  the 
general  scheme. 
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SINGLE  CURRENT   WORKING, 

Single  Needle. 

The  alterations  required  upon  single  needle  circuits  may 
best  be  demonstrated  by 
considering  the  effects 
which  result  when  a  uni- 
versal battery  is  joined  to 
Z  and  C  of  the  commu- 
tator of  an  up  station. 
The  received  signals  are 
not  affected  by  this  sub- 
stitution. If  the  right 
key  is  depressed  the 
negative  voltage  is  con- 
nected to  line  through  the 
dial,  but  the  positive  volt- 
age is  connected  to  earth 
at  the  up  line  terminal. 
The  depression  of  the  left 
key  joins  the  positive 
voltage  to  line,  but  earths 
the  negative.  The  cur- 
rents sent  out  to  line  are 
in  each  case  in  the  direc- 
tion to  produce  the  cor- 
rect signals  at  the  down  station.  Now  the  alterations  to  the 
commutator  are  such  as  to  prevent  the  voltage  which  is  not 
connected  to  line  from  being  earthed.  This  is  effected 
by  cutting  away  or  bending  the  right-hand  portion  of  the 
**  copper  "  spring  so  that  it  is  out  of  reach  of  the  lever  when 
the  key  is  depressed,  and  by  either  removing  or  disconnect- 
ing the  front  contact  screw  of  the  left  key.  The  latter 
course  is  preferable,  since  it  does  not  affect  the  play  of  the 
key.  It  may  readily  be  done  by  removing  the  copper  spiral 
which  serves  to  connect  the  contact  screw  to  the  wire  running 
to  Y  beneath  the  base  of  the  commutator.  The  alterations 
are  clearly  indicated  at  Si  and  S^  in  Fig.  273. 


o  o-o 


AT  REST.         RieHT  KEY       LEFT    KEY 
DEPRESSEn   DEPRESSED. 

Fig.   278.— Sinsle  needle  commutator 
moditted  for  univeraal  battery  working. 
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In  order  to  work  to  an  np  station  the  dial  and  the 
direction  in  which  the  voltages  are  connected  to  Z  and  C 
is  reversed.  These  changes  are  necessary  since  the  cur- 
rents are  sent  out  from  the  down  line  terminal  of  the  key, 
which  must  therefore  be  connected  to  the  line.  The  re- 
versal of  the  battery  makes  the  signals  straight  at  the  up 
office,  whilst  the  reversal  of  the  dial  straightens  the  signals 
sent  out  and  those  received  upon  it. 

An  intermediate  office  requires  a  commutator  with  all  its 
connections  precisely  as  in  ordinary  working.     When  the 
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Fio.  274.— Tlirec  single  needlos  connected  to  a  universal  Ixattery. 


right-hand  key  is  depressed  the  positive  and  negative  volt- 
ages are  respectively  connected  to  the  up  and  clown  lines. 
I'he  current  through  the  up  line  is  produced  by  the  positive, 
whilst'  that  through  the  down  line  is  due  to  the  negative, 
battery.  Depression  of  the  left  key  reverses  this  condition, 
and  therefore  the  same  value  of  1*1M.F.,  but  in  the  reverse 
direction,  is  necessarily  connected  to  the  up  and  down  lines. 
The  dial  (20()'-)  is  inchided  in  the  down  line.  If  the  resist- 
ance of  the  up  line  circuit  is  1200"  and  the  down  line  CiOO*' 
(including  the  dial),  the  currents  sent  out  are  respectively 
20  m.a.  and  40  m.a.  with  24^.  This  disparity  may  be 
rectified  by  putting  a  (UX)"  resistance  coil  in  the  down  line. 
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It  is,  however,  far  better  to  avoid  cases  of  this  description, 
since  it  entails  increasing  the  battery  power  at  each  office 
in  circuit. 

The  connections  of  an  up,  a  down,  and  an  intermediate 
office,  connected  to  a  universal  battery,  are  depicted  in 
Fig.  274.  The  fuses,  etc.,  which  intervene  between  the 
cells  and  the  keys  have  been  suitably  indicated. 

Summary  of  Alterations  to  Single  Needle  Circuits. 
Up  and  Down  Offices. 

1.  Commutator  (a).   Disconnect  left  front  contact  screw. 
„  (6)  Raise  back  right-hand  battery  spring. 

Up  Offices. — Remaining  connections  unaltered. 
Down  Offices. — 1.  Reverse  the  connections  on  the  dial. 

2.  Join  +  to  i^  and  -  to  C, 

3.  Connect  the  dial  to  line  and  A  to  earth. 

Intermediate  Offices. 

All  connections  unaltered. 

Resistance  should  be  inserted  in  the  line  of  lower  resist- 
ance if  the  up  and  down  sides  differ  greatly ;  the  dial  (2(K)*') 
is  in  the  down  line  circuit. 

Use  of  Resistances  between  the  Fuses  and  Instruments. 

Owing  to  the  very  general  use  of  heat  coils  it  has  been 
found  necessary  to  provide  against  the  coils  being  operated 
by  the  increased  current  sent  out  through  a  line  fault. 
Moreover,  the  number  of  fuses  blown  by  momentary  short 
circuits  at  the  instruments  was  considerable.  Accordingly, 
metal-cased  resistance  coils  (marked  *'  7* "  in  Fig.  274), 
are  introduced  between  the  1-ampere  fuses  and  the  instru- 
ments upon  all  circuits  requiring  less  than  80*.  Where 
80""  or  over  is  in  use  an  ordinary  100''  1(5  candle-power 
incandescent  lamp  is  similarly  interpolated.  In  every  case 
the  resistance  inserted  amounts  to  about  2"  per  volt  of 
E.M.F.  in  use,  thus  |-  ampere  is  the  maximum  current 
which  can  be  produced  through  a  dead  short  circuit. 

The  values  of  the  metal-cased  resistance  coils  are  as 
follows  :— For  24^—50",  for  4(r— 80",  and  for  00^  (older 
installations)  120".  The  resistance  of  the  lamps  is  a])()nt 
300«. 
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Double  Plate  Sounders. 


Double  plate  sounder  circuits  are  dealt  with  in  similar 
fashion  to  single  needles,  and  consequently  the  commutator 
must  be  altered  for  up  and  down  sets  but  not  for  intermediate 
working. 


Fio.  275.— Doable-plate  soander  down  office  working  to  siagle  needle.  The  ap 
terminal  of  the  commutator  at  the  .single  needle  end  shoidd  be  connected  to  earth. 

The  two  ends  of  a  circuit,  of  which  the  universal  worked 
station  is  the  down  office,  are  shown  in  Fig.  275.  It  will 
be  observed  that  the  positive  and  negative  voltages  are 
respectively  connected  to  Z  and  G  whilst  the  relay  and  single 
current  galvanometer  are  reversed.  By  tracing  the  path  of 
the  current  in  every  position  of  each  commutator,  it  will 
be  found   that  the  effect  of  tlie  changes  is  to  cause  the 
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currents  to  be  correctly  received  at  the  up  station  and  at 
tlie  same  time  to  deflect  the  single  curi'ent  galvanometer  in 
the  right  direction,  whilst  the  reversal  of  the  relay  has 
straightened  the  received  signals  at  the  down  station. 

The  metal-cased  resistances  and  fuses  are  precisely  as  in 
the  single  needle.  The  tongue  of  the  relay  is  connected  to 
a  common  earth  running  along  the  tables,  and  the  24"^ 
battery  is  connected  through  a  1-ampere  fuse  to  the  junction 
of  the  two  sounder  coils  (each  900**),  as  indicated  in  Fig. 
275.  Resistance  coils  are  not,  of  course,  inserted  in  the 
local  circuit,  since  the  reasons  which  lead  to  their  intro- 
duction in  the  line  battery  leads  do  not  apply  in  this  case. 

Summary  of  Alterations  to  Double  Plate  Sounder. 
Up  and  Down  Offices. 

1.  Commutator.    As  in  single  needle. 

Up  Office. — Remaining  connections  unaltered. 

Doicu  Office. — 1.  Reverse  the  galvanometer. 

2.  Join  +  to  Z  and -to  G. 

3.  Connect  the  galvanometer  to  line  and 

A  to  earth. 

4.  Reverse  the  relay  by  connecting  X  to 

D  and  Y  to  D-circle. 

Intermediate  Offices. 

All  connections  unaltered. 

Resistance  should  be  inserted  in  the  line  of  lower  resist- 
ance if  the  up  and  down  sides  diifer  greatly  ;  the  galvano- 
meter (.^0")  is  in  the  down  line  circuit. 

Single  Current  Sounders. 

After  the  consideration  of  the  single  needle  and  double 
plate  sounder  circuits,  the  single  current  sounder  alterations 
are,  with  the  exception  of  intermediate  stations,  of  a  fairly 
obvious  character.  An  up  and  a  down  set  are  shown  in 
Fig.  276,  from  which  it  will  be  seen  that  the  galvanometer 
is  reversed  and  the  negative  voltage  connected  to  the  key 
in  the  case  of  the  down  station. 

An  intermediate  station  is  shown  in  Fig.  277.  The  six- 
terminal  reversing  key  is  substituted  for  the  single  current 
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key,  and  both  positive  and  negative  voltages  are  required. 
With  this  key  at  rest,  a  positive  current  coming  in  on  the 
lip  line  passes  through  the  relay  in  the  direction  U  to  D 
and  out  on  to  the  down  line.  When  the  key  is  depressed 
the  negative  voltage  is  joined  to  the  down  and  the  positive 
to  the  up  line,  and  the  currents  are  therefore  in  the  correct 
direction  to  actuate  the  relays  at  the  terminal  stations. 
A  second  galvanometer  is  employed  in  order  to  indicate 
currents  going  out  upon  both  sides.    Where  the  resistances 


DOWN    STATION 


UP      vSTATlON 


Fio.  270.— Up  and  down  single  current  sounders. 


of  the  up  and  down  sides  differ  considerably,  a  suitable 
resistance  may  l)e  introduced  between  the  metal-cased 
resistance  and  the  key  upon  the  side  having  the  lower 
resistance. 

Direct  sounders  and  direct  writers  are  dealt  with  upon 
the  same  principle  in  each  case,  but  it  should  be  pointed 
out  that  ()()()**  sounders  are  used  at  the  out  station,  while 
"  1)  "  relays  are  em])loyed  to  receive  the  out  station's  signals. 
This  is,  however,  merely  a  question  of  economy  of  battery 
power,  and  should  not  require  further  comment. 
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kSiNGLE  Current  Duplex. 

Ill  Chapter  \iL  it  was  pointed  out  that  the  battery  resibt- 
auce  coil  shunts  the  phiin  coil  of  the  relay  (luring  simplex 
working.  In  order  to  avoid  this,  a  9-terminal  2-position 
switch  has  been  introduced.  In  duplex  working  the  centre 
of  the  key  is  connected  to  the  split  of  the  relay  and  the 
coils  of  the  galvanometer  are  joined  in  series  with  the  coils 
of  the  relay  as  in  quadruplex  working.  In  the  simplex 
position  of  the  switch  the  battery  coil  is  disconnected,  and 
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Fio.  277.— Single  cuiTent  sounder  iutormediate  station. 

the  connections  are  precisely  as  in  ordinary  simplex  sets, 
save  that  the  right-hand  coil  of  the  galvanometer  is  sub- 
stituted for  the  single  current  galvanometer  employed  upon 
such  circuits.  This  will,  however,  be  quite  apparent  from 
a  consideration  of  Fig.  278.  If  the  set  is  required  to  work 
as  a  down  station  the  negative  voltage  is  joined  to  the  key 
and  the  D  and  [/-circle  connections  of  the  relay  reversed. 
These  points  will,  however,  be  apparent  after  the  detailed 
consideration  a(*corded  to  the  more  extensively  used  double 
current  duplex. 
There  is  a  small  number  of  circuits  having  lines  which 
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are  eutirely  underground,  where  the  dui:)lex  switch  is 
omitted  and  the  circuits  permanently  duplexed.  The 
connections  are,  however,  identical  with  those  of  the  set 
shown  in  Fig.  278  when  at  duplex,  but  with  the  switch 
connections  directly  made. 


LINE 


DUPLEX  SIMPLEX 

Fio.  278.— Single  current  Hounder  duplex. 


DOUBLE  CURRENT  SOUNDER. 

Double  current  working  may,  in  the  case  of  an  up 
station,  be  effected  by  disconnecting  the  front  left-hand 
terminal  of  the  key  and  joining  the  positive  and  negative 
voltages  to  Z  and  C.  For  a  down  station,  the  galvanometer, 
relay,  and  battery  connections  would  have  to  be  reversed, 
the  line  joined  to  the  galvanometer  and  the  relay  earthed, 
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still  leaving  the  left  terminal  of  the  key  disconnected. 
These  statements  may,  with  advantage,  be  compared  with 
the  reasons  given  for  the  alterations  to  the  commutator  and 
for  those  made  to  a  double  plate  sounder  down  station. 

As  double  current  circuits  are  very  numerous,  a  special 
key  of  simple  form  has  been  designed.  It  is  known  as 
the  "  single  current  key  with  switch "  (Fig.  279),  and 
consists  of  a  single  current  key  with  a  two-way  switch 
mounted  upon  the  one  base.  The  front  right-hand  terminal 
is  connected  to  the  centre  of 
the  switch  and  corresponds  to 
the  similar  terminal  of  the 
ordinary  double  current  key. 
At  receive,  the  two  front  ter- 
minals are  joined  across,  and 
therefore  the  left  corresponds 
to  the  central  terminal  of  a 
double  current  key.  Z  and  C 
are,  as  in  every  form  of  key, 
respectively  upon  the  left  and 
right,  whilst  C  is  connected 

to  the  front    stop    of   the   key.    Fio.  279.— single  current  key  with  switch. 

The  skeleton  connections  in 
each  position  of  the  key  are 
shown  in  Fig.  280. 

Two  circuits,  the  one  an  up, 
and  the  other  a  down  station, 
are  shown  connected  to  a 
universal  battery  in  Fig.  281. 
The  up  set  calls  for  little 
comment  since  the  connections 
are  as  in  ordinary  double  current 
substitution  of  the  four-terminal 
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Fio.  280.— Skeleton  connections  In  each 
position  of  single  current  key. 


working,  save  for  the 
key.  In  the  case  of  the 
down  set  the  connections  of  the  relay  are  reversed,  as  also 
are  those  of  the  galvanometer.  The  positive  and  negative 
voltages  are  connected  to  Z  and  C  respectively  whilst  the 
line  is  joined  to  the  galvanometer.  By  sketching  tlie 
arrangement  working  to  an  up  office  it  may  readily  be 
shown  that  the  alterations  straighten  the  signals  at  either 
end,  and  that  the  reversal  of  the  galvanometer  makes  the 
directions  of  the  deflections  the  same  as  for  an  up  set. 
For  intennediate  sets  the  ordinary  double  current  key  is 
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retained,  siuce  currents  have  to  be  sent  out  upon  both 
the  up  and  the  down  line.  Where  the  up  and  down  lines 
differ  greatly  in  resistance,  a  suitable  resistance  coil  is 
inserted  between  the  relay  and  the  left  side  of  the  key, 
as  shown  in  Fig.  282.  In  this  way  the  resistance  of  the 
up  is  made  equal  to  that  of  the  down  line.  Where  the 
conditions  are  reversed,  i.  e.  where  the  down  line  has  the 
lower  resistance,  the  battery  and  the  relay  are  each  reversed, 
as  also  are  the  positions  of  the  up  and  down  lines. 


UP    STATION  Te        down    STATION 

Fio.  281.— Up  and  down  doable  current  sounders. 

The  balancing  resistance  is  not  included  in  the  path  of 
the  currents  received  from  the  terminal  stations,  and  their 
battery  powers  are  not,  therefore,  increased,  as  in  the  case 
of  single  needle  circuit^s  when  changing  from  separate  to 
universal  battery  working.  By  the  aid  of  Fig.  282,  which 
sliows  the  terminal,  as  well  as  the  intermediate,  stations,  the 
conditions  stated  may  readily  be  verified. 

Double  Ccrrent  Duplex. 

The  arrangements  necessary  for  duplex  working,  although 
somewliat  different  from  those  previously  considered  (see 
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Fig.  117),  are  by 
no  means  complex. 
A  single  current 
key  with  switch 
takes  the  place  of 
the  ordinary 
double  current 
key  and  the  separ- 
ate coils  of  the 
galvanometer  are 
placed  in  series 
with  those  of  the 
relay,  since  the 
"  double  split  " 
cannot  be  employ- 
ed. The  skeleton 
connections  of  a 
duplex  station 
working  to  a  down 
station  of  the 
ordinary  type  are 
shown  in  Fig.  283. 
In  the  normal 
XX)8ition,  with  both 
keys  at  rest,  the 
path  of  the  current 
is  from  the  posi- 
tive pole  of  the 
universal  battery 
to  earth,  in  at  the 
down  station  gal- 
vanometer, 
through  the  bat- 
tery, through  the 
line  coil  of  the 
relay  (D-circle  to 
C7-circle)  to  line, 
through  the  right- 
hand  coil  of  the 
home  galvano- 
meter, through  the 
relay  (D-circle  to  [/-circle)  back  to  the  battery.     The  current 
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ill  this  circuit  is  twice  as  great  as  that  in  each  of  the  com- 
pensation circuits,  and  the  prej^onderating  current  therefore 
produces  a  space  at  both  ends.  If  both  keys  are  down  the 
current  is  throughout  reversed  in  direction,  and  a  mark  is 
therefore  registered  at  each  end.  When  one  key  only  is  de- 
pressed the  batteries  oppose,  and  the  compensation  circuits 


®! 


tfo 

' C^playO — 

D  ® 

DOWN 


LINE 


® 


^ 


Fio.  288.— Principle  of  double  cnrieDt  duplex  working  with  universal  battery. 

are  left  free  to  produce  a  space  at  the  end  where  the  key  is 
down,  and  a  mark  at  the  station  where  it  is  at  rest. 

The  single  current  key  prothu^es  a  disconnection  when 
moving  from  the  normal  to  the  depressed  position,  or  vice 
versa.  The  condition  is  of  momentary  duration  only,  and 
no  evil  effects  result.  The  point  was,  however,  fully 
considered  in  relation  to  ordinary  duplex  current  working 
{vide  page  234),  and  no  further  comment  should  be 
necesKiiry. 
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The  connections  of  an  up  station  are  shown  in  Fig.  284. 
The  skeleton  duplex  connections  have  already  been  dealt 
with  (Fig.  283),  and  it  therefore  remains  to  indicate  how 
they  are  altered  for  simplex  working.  When  the  switch 
is  turned  to  the  simplex  position,  the  split  wire  is  dis- 
connected, the  left-hand  terminal  of  the  key  is  connected 
to  D  of  the  relay,  and  the  line  connected  through  the  right- 
hand  coil  of  the  galvanometer  to  the  front  right-hand 
terminal  of  the  key.     The  path  of  a  received  current  is 
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Fia  284.— Connections  of  double  current  sounder  duplex. 

through  the  line  coil  of  the  galvanometer,  via  the  strapped 
terminals  of  the  duplex  switch,  through  the  key,  relay, 
rheostat  and  left  coil  of  the  galvanometer.  Since  the 
rheostat  is  in  circuit  at  simplex,  care  should  be  taken  to 
see  that  no  resistance  is  left  in  it.  The  currents  sent  out 
pass  to  line  through  the  right-hand  coil  of  the  galvanometer 
oidy. 

For  simplicity,  a  rheostat  only  has  been  shown  (Fig.  284) 
in  the  compensation  circuit,  but  where  the  line  is  of  sufficient 
length,  a  condenser,  condenser  coils,  and  retardation  coils 
are,  of  course,  added  as  in  ordinary  duplex  working. 
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The  figure  shows  the  connections  for  an  up  station.  At 
a  down  station  D  and  TJ-circle  are  reversed,  and  positive 
and  negative  voltages  are  respectively  connected  to  Z 
and  C. 


Fia.  285.— Wheatatone  transmitter  with  upper  contacts  removed. 


WHEATSTONE. 

It  is  essential  that  the  transmitter  shall  not  connect  either 
voltage  direct   to  earth,  and  accordingly  the  two  upper 
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Fia.  286.— Full  Wheatstone  set  for  a  terminal  station. 

contact  points  are  withdrawn  from  the  reach  of  the  divided 
lever,  as  indicated  in  Fig.  285. 

The  connections  of  a  full  Wheatstone  circuit  are  shown 
in  Fig.  286,  and  call  for  but  little  comment.  With  the 
transmitter  running,  currents  are  sent  to  line  from  Z).  At 
rest,  the  positive  and  negative  voltages  are  joined  to  Z  and 
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C  of  the  key,  and  its  currents  pass  to  line  through  K  and 
7).     The  U  terminal  of  the   transmitter  is  unconnected. 
The  remaining  portions  of  the  circuit  are  apparent. 
For  a  down  station  the  connections  of  D-circle  and  U 
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Fio.  287.— Wheats! one  special  seC  for  up,  down,  or  intermediate  Wheatstone  working. 
(Peg  switch  connections  for  working  as  a  down  station  to  the  long  lines.) 

and  those  of  the   galvanometer  are  reversed,  whilst  the 
battery  is  reversed  at  Z  and  C  of  the  transmitter. 

A  lamp  is  inserted  in  each  battery  lead  for  the  reasons 
given  upon  pages  319  and  489. 

Special  Circuits. 

In  every  large  office  there  is  a  number  of  Wheatstone 
sets  which  are  used  only  for  "  special "  work,  such  as  race 
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meetings,  speeches,  and  cricket  matches  ;  also  a  number  of 
circuits  which  only  require  to  work  Wheatstone  occasionally, 
or  which  need  it  during  certain  hours  of  the  day,  are  fitted 
so  that  they  may  he  used  for  special  work.  All  these 
circuits  are  fitted  with  transmitters  and  receivers,  and 
provision  is  also  made  for  intermediate  w^orking  if  required. 
As  the  sets  may  be  required  to  work  as  up  or  down,  and  as 
the  shorter  line  in  intermediate  working  may  be  either  an 
up  or  a  down  line,  a  reversing  switch  is  added,  so  that  the 
requisite  changes  may  be  made  at  the  instrument.  The 
difference  betw^een  the  resistances  of  the  up  and  down  sides 
in  intermediate  w^orking,  of  course,  varies  with  the  lines 
connected,  and  therefore  the  balancing  resistance  is  adjust- 
able—it is,  in  fact,  a  set  of  condenser  coils  (Fig.  39). 

The  connections  of  a  special  set  are  shown  in  Fig.  287. 
The  test-box  arrangements  are  described  in  Chapter  XVIII, 
and  it  will,  therefore,  only  be  necessary  to  remark  that  the 
line  passes  through  the  line  and  instrument  switch  springs 
to  the  galvanometer,  and  that  the  "  intermediate  return  " 
switch  spring  is  used  for  the  connection  of  the  second  line 
when  working  intermediate.  This  line  is  always  the  shorter, 
or  line  of  lower  resistance. 

The  reversing  switch  is  of  the  "  peg  "  form,  and  consists 
of  eight  springs  corresponding  to  the  eight  terminals.  The 
peg  also  carries  eight  springs,  four  upon  either  side  of  the 
ebonite  handle  which  supports  them.  These  springs  are 
(connected  together,  as  indicated  by  the  dotted  lines  in  Fig. 
287,  and  therefore  reversing  the  peg  connects  the  four  top 
terminals  horizontally  and  the  lower  four  vertically.  The 
four  upper  terminals  control  the  reversal  of  the  receiver, 
and  the  lower  set  the  reversal  of  the  battery. 

When  used  as  a  terminal  station  there  is  no  line  con- 
nected to  the  intermediate  return  switch  spring,  and 
consequently  U  of  the  transmitter  and  the  left  terminal  of 
the  double  current  key  are  disconnected.  The  arrange- 
ment is  then  identic4il  with  that  of  Fig.  28(5,  save  that  the 
double  current  key  does  duty  for  the  single  eun*ent  key 
\vith  switch.  The  reversing  switch  is  used  to  alter  the  set 
to  up  or  down  as  may  be  required  when  any  new  circuit 
is  connected  to  it. 

When  the  set  is  required  for  intermediate  working  the 
shorter  line  is  connected   to  the  "intermediate  return" 
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switch  spring  by  means  of  solid  plugs  and  cords.  The 
insertion  of  the  plug  cuts  away  the  earth  connection,  and 
bunches  the  wires  from  the  adjusting  resistance  and  the 
receiver  (via  the  switch)  to  the  short  line.  Suitable  resist- 
ance is  then  inserted  in  the  adjusting  resistance  box  and 
the  signals  straightened,  if  reversed,  by  reversing  the  peg 
switch.     In  the  latest  arrangement  a  second  galvanometer 


Fio.  288.— Wheatstone  special  set  for  duplex  or  simplex  terminal  or  intermediate 
workinj?.  (Peg  switch  connections  for  working  as  an  up  station  to  the  long  line.) 

is  placed  in  series  with  the  adjusting  resistance  (compare 
Fig.  288). 

The  received  currents  pass  from  the  long  line,  through 
the  galvanometer,  through  D  and  K,  through  the  receiver 
and  shunted  condenser  out  on  to  the  short  line.  The 
adjusting  resistance  does  not  form  part  of  the  received 
circuit.  Transmitter  currents  pass  out  between  U  and  D 
of  the  transmitter,  and  the  adjusting  resistance  is  included 
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in  the  circuit  of  the  shorter  line.  The  key  cniTente  pass 
through  D  and  K  of  the  transmitter  and  the  adjusting 
resistance. 

Wheatstone  Duplex  for  Special  Sets. 

The  connections  of  a  special  set  arranged  for  duplex, 
simplex,  terminal,  and  intermediate  working  are  shown  in 
Fig.  288.     The  battery  switch  normally  connects  the  posi- 
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Fig.  289.— Principle  of  bridge  duplex. 

tive  and  negative  voltages  to  the  peg  switch,  which  is 
arranged  as  in  simplex  working,  t.  e.  it  serves  to  reverse 
the  battery  and  to  reverse  the  relay  terminals.  The  battery 
switch  in  the  "  resistance  "  position  joins  both  Z  and  C  of 
the  transmitter  through  the  battery  coils,  one  side  of  which 
is  permanently  earth-connected.  The  duplex  switch  is 
arranged  as  in  Fig.  284,  and  by  comparing  it  with  Fig. 
288  there  should  be  no  difficulty  in  tracing  the  arrangement 
through.  It  will  also  be  observed  that  a  second  galvano- 
meter is  added  for  intermediate  working. 
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Wheatstone  Duplex  (Differential  System). 

In  this  case  the  transmitter  is  added  precisely  as  in 
Fig.  286,  and  D  of  the  transmitter  is  joined  to  the  lower 
terminal  of  the  duplex  switch.  The  receiver  takes  the 
place  of  the  relay  shown  in  Fig.  284,  and  the  batteiy 
switch  is  arranged  as  in  the  "special  set"  duplex  (Fig. 
288).  A  reversing  switch  is  not  provided,  and  the  single 
current  key  with  switch  is,  of  course,  used  in  place  of  the 
double  current  key,  and  the  upper  contacts  of  the  divided 
lever  in  the  transmitter  are  withdrawn.  The  working 
out  of  the  actual  connections  should  now  prove  quite 
simple,  and  this  is  left  as  an  exercise  for  the  reader.  The 
full  connections  are,  of  course,  given  in  the  official  diagram 
book. 

Wheatstone  Duplex  (Bridge  System). 

The  changes  necessary  for  the  bridge  duplex  are  of  a 
fairly  obvious  character.  One  coil  of  the  galvanometer  is 
placed  in  series  with  the  right-hand  duplex  resistance  coil, 
whilst  the  second  coil  is  added  to  the  compensation  circuit. 
The  positive  and  negative  voltages  are  joined  to  a 
O-terminal  2-position  switch  just  as  in  the  special  duplex, 
whilst  the  single  current  key  with  switch  and  the  trans- 
mitter are  connected  as  in  Fig.  286.  The  connections  of  the 
duplex  switch  are  indicated  in  Fig.  288,  and  no  difficulty 
will  be  experienced  in  elaborating  the  connections. 


QUADRUFLEX. 

The  only  feature  which  is  really  special  to  the  universal 
battery  worked  quadruplex  is  the  arrangement  of  the 
sending  circuit.  The  other  additions,  viz.  the  quadruplex 
and  simplex  switch,  the  bridging  coil  in  the  compensation 
circuit  and  the  switch  for  measuring  the  line  currents, 
might,  with  equal  advantage,  be  applied  to  circuits  worked 
by  separate  batteries. 

The  principle  of  the  sending  circuit  may  be  stated  in  a 
few  words.  The  key  upon  the  B  side  joins  both  the  posi- 
tive and  the  negative  voltages  through  to  the  A  key.  The 
B  key  determines   the   value  of   the   E.M.F.,  whilst   the 
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A  key  selects  either  the  positive  or  the  negative  voltage 
according  to  its  position. 

The  B  key  (known  as  the  "  6-terminal  reversing "  key) 
(Fig.  290)  is  of  the  double  current  form,  but  is  without  a 
switch,  whilst  the  four  contact  springs  are  connected  to 
four  upper  terminals.  The  A  key  is  an  ordinary  double 
current  key.  In  this,  as  in  every  other  case,  the  battery 
leads  pass  through  fuses  and  resistances  on  their  way  to 
the  key.  The  lower  voltage  leads  required  metal-cased 
resistance  coils,  whilst  the  higher  voltage  leads  are  pro- 
vided with  lamps.    These  resistances  are  all  approximately 
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Fio.  200.— Connections  of  keys  in  quadniplcx. 


3()0",  hence  the  resistance  of  the  battery  circuit  is  the 
same  in  both  positions  of  the  key.  The  double  current 
key  must  be  of  the  latest  form  with  adjustable  contacts, 
and  should  short  circuit  in  the  intermediate  position. 

The  B  key  at  rest  connects  the  lower  voltages  to  Z  and  C 
of  the  double  current  key.  When  depressed  the  higher 
voltages  are  so  connected.  The  double  current  key  con- 
nects either  the  positive  or  negative  side  of  the  battery 
to  the  wire  going  to  the  strapped  terminals  of  the  non- 
polarized relay.  Since  the  paths  and  directions  of  the 
currents  are  necessarily  the  same  as  in  the  quadruplex 
previously  described  it  is  not  necessary  to  trace  them. 
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It  has  been  pointed  out  that  the  self-inductance  of  the 
distant  apparatus  is,  in  the  case  of  a  short  duplex  circuit, 
sufficient  to  prevent  a  balance  being  obtained.  The  same 
remark  applies  to  quadruplex  working,  and  therefore  a 
bridging  coil,  having  a  self-inductance  equal  to  that  of 
one  coil  of  each  relay  and  one  coil  of  the  galvanometer, 


Fm.  291. — Skeleton  connections  of  quadruplex  switch. 

is  added  to  the  compensation  circuit.  It  is,  however,  only 
required  upon  very  short  circuits.  The  bridging  coil, 
so  called  on  account  of  the  use  to  which  it  is  put  in 
telephone  circuits,  consists  of  a  coil  of  wire  wound  upon 
a  soft  iron  core,  over  which  an  iron  tube  is  placed,  and  the 
ends  closed  by  iron  discs  in  such  a  manner  as  to  form  a 
closed  magnetic  circuit. 
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The  full  (•onnections  of  a  universal  battery  worked 
quadniplex  set  are  shown  in  Fig.  292.  With  the  switch 
at  quadruplex  the  connections  are  as  in  Fig.  118,  save  that 
the  keys  are  arranged  as  in  Fig.  290.  When  the  switch  is 
turned  to  simplex  the  D  and  [/-circle  coils  of  the  C  relay  are 
short  circuited,  which  is  equivalent  to  connecting  />-circle 
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Fio.  292.— Connections  of  a  quadruplex. 

and  U  of  the  A  side  relay.  The  D  terminal  of  the  A  side 
relay  is  connected  to  the  centre,  and  the  lower  right-hand 
tenninal  of  the  galvanometer  is  joined  to  the  right,  of  the 
double  current  key.  The  i3atli  of  a  received  current  is 
then,  through  the  right-hand  coil  of  the  galvanometer 
through  the  key  (switch  to  receive),  through  the  A  side 
relay,  left  coil  of  the  galvanometer,  and  through  the 
rheostat  to  earth.  It  will  be  observed  that  right  side  of 
the  bridging  coil  is  earthed  when  the  switch  is  at  simplex. 
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The  path  of  the  sent  current  is  through  the  right-hand 
coil  of  the  galvanometer  direct  to  line. 

The  6-terininal  switch  placed  near  the  galvanometer 
short  circuits  the  left  coil  and  shunts  the  right  coil  by 
20*',  when  turned  to  the  "measure  currents"  position. 
The  degrees  of  the  galvanometer  correspond  roughly  with 
the  current  in  miUiamperes  flowing  through  it.  By  turn- 
ing the  battery  switch  to  the  right  the  current  received 
may  be  measured,  whilst  the  current  sent  out  may  be 
obtained  by  requesting  the  distant  office  to  earth. 

If  the  apparatus  is  required  to  work  as  a  down  station 
the  wires  on  D  and  [/-circle  of  the  A  side  relay,  those  upon 
the  upper  and  those  upon  the  lower  terminals  of  the  gal- 
vanometer, and  the  battery  wires  on  the  A  key  should  each 
be  reversed. 

The  full  connections  of  an  increment  quadruplex  with 
Wheatstone  upon  the  A  side  are  shown  in  Fig.  293.  The 
most  notable  feature  is  the  method  by  which  the  power  is 
increased  whilst  the  transmitter  is  in  operation.  The 
resistance  of  the  contacts  made  by  the  divided  lever  are 
far  higher  than  those  of  the  double  current  key,  with  the 
result  that  the  currents  sent  out  when  the  B  side  key  is 
depressed  are  seriously  reduced  in  value.  In  order  to 
correct  this  defect  the  U  terminal  of  the  transmitter  is 
joined  to  an  earth-connected  neutral  relay.  The  local  con- 
tacts 8  and  M  are  both  connected  to  an  auto  switch  {vide 
p.  520),  whilst  T  and  the  other  side  of  the  switch  are 
earthed.  When  the  transmitter  is  running  currents  are 
sent  out  from  U  of  the  transmitter  through  the  3000** 
resistance  coil  and  the  neutral  relay.  These  currents  hold 
up  the  armatures,  which,  in  this  position,  increase  the 
voltage  connected  to  the  two  outer  terminals  of  the  B  side 
key.  So  long  as  the  transmitter  is  running  the  automatic 
switch  is  closed. 

When  the  switch  is  turned  from  quadruplex  to  duplex 
the  connections  of  a  Wheatstone  duplex  are  produced,  but 
this  and  the  other  details  of  the  arrangement  will  be  quite 
apparent  from  the  figure. 

At  a  down  office  the  wires  on  U  and  D-circle  of  the 
receiver,  the  wires  on  the  upper  and  on  the  lower  terminals 
of  the  galvanometer,  and  the  wires  on  the  front  terminals 
of  the  "  B  "  key  are  each  reversed. 
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Test  Box  Speaking  Set. 

Tlie  only  feature  of  the  arrangement  which  is  not  common 
to  an  ordinary  double  current  set  with  facilities  for  inter- 
mediate working  is  that  any  of  the  voltages  from  24^'  to 
1 20^  may  be  connected  to  it  according  to  the  positions  of 
tlie  two  U-links  (Fig.  294). 

Universal  Working  with  Primary  Batteries. 
As  indicated  in  tlie  last  chapter  the  circuits  connected  to 


♦  »<>:- 
4<- 


%tt- 


REVCII3IH« 
0W ITCN 


LAMP   RtSlSTANCe 


LI 
L2 


Fia.  294. — Connections  of  test  box  speaking  set 


a  primary  universal  battery  should  not  exceed  five  or  six 
at  most,  and  their  resistances  should  not  differ  by  more 
than  25%.  Where  this  is  the  case  resistances  are  inserted 
in  the  battery  leads  to  the  instruments,  i.e.  in  the  position 
in  which  the  fuses  are  placed  in  secondary  i^ell  working. 
With  this  ex(*eption  the  circuits  are  arranged  as  indicated 
in  each  case.  Single  needles,  double  plate  sounders,  sounders 
simplex,  and  short  duplex  may  be  successfully  worked  from 
a  universal  primary  battery  consisting  of  bichromate  cells, 
but  long  duplex,  quadruplex,  Wheatstones,  and  repeaters 
should  invariably  be  given  separate  batteries  when  second- 
ary cell  working  is  not  in  vogue. 


CHAPTER  XVII 
REPEATERS. 

Working  Speed  of  a  Circuit. 

THE  time  taken  for  the  current  in  any  given  circuit  to 
rise  to  any  specified  percentage  of  its  maximum  value 
is  inversely  proportional  to  the  product  of  the  total  capacity 
and  total  resistance  of  the  line.  This  value  is  obviously 
related  to  the  working  speed  of  the  circuit,  and,  by  collect- 
ing the  results  of  a  very  large  number  of  experiments,  the 
following  empirical  formulae  have  been  obtained  : — 


_  10,000,000 
KR 
12,()00,(XX) 
KR 
^  ^  18,000,000 


'  KR 

where  Wi  =  speed    in    words    per    minute 

obtainable  upon  an  aerial  iron 
wire  line. 
W2  =  speed    in    words    per    minute 
obtainable  upon  an  aerial  copper 
wire  line. 
W^  =  speed    in    words    per    minute 
obtainable  upon  a  subterranean 
or     submarine     gutta  -  percha- 
covered  wire. 
K  =  total    capacity    of    the   line   in 

micro-farads. 
R  =  total  resistance  of  the  line  in 
ohms. 
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These  formulae  assume  that  a  shunted  condenser  is  used 
at  the  receiving  end,  and  that  the  battery  power  is  upon 
the  basis  of  that  required  to  furnish  8  m.a.,  with  a  mini- 
mum E.M.F.  of  1(K)  volts.  It  also  assumes  that  the  battery 
resistance  does  not  exceed  3"  per  volt  of  E.M.F. 

The  working  speed  obtainable  from  the  formulae  is, 
of  course,  subject  to  the  limit  of  the  speed  at  which  the 
apparatus  can  be  worked,  and  this  does  not  exceed  600, 
and,  in  practice,  is  rarely  above  400  words  per  minute. 

A  rapidly  alternating  current  does  not  evenly  distribute 
itself  throughout  the  cross  section  of  the  conductor  through 
which  it  is  flowing.  The  current  is  densest  upon  the  outer 
parts  and  is  least  dense  in  the  centre.  Owing  to  the  fact 
that  iron  is  a  magnetic  material,  this  "  skin  effect "  is  more 
marked  with  iron  than  with  copper  conductors.  Taking 
an  iron  and  a  copper  wire  of  equal  length  and  equal 
resistance  to  a  steady  current  it  would  be  found  that  the 
iron  wire  offered  a  higher  resistance  than  the  copper  one 
to  an  alternating  current.  It  is  to  this  fact  that  the  lower 
speed  obtainable  with  an  iron  wire  is  to  be  attributed  and 
not  to  the  fact  that  the  iron  wire  possesses  a  higher 
self-inductance  than  the  copper  one.  The  increased  seH- 
inductance  would  be  distinctly  beneficial  and  not  detrimental 
(see  p.  514). 

Battery  Resistance. 

The  internal  resistance  of  the  battery  employed  upon 
a  Wheatstone  circuit  has  an  important  effect  upon  the  speed 
of  working.  If  the  resistance  is  below  1"  per  volt  of 
E.M.F.  used,  the  transmitter  will  very  quickly  be  placed 
out  of  action  by  excessive  sparking  whilst  a  value  in  excess 
of  2*5"  per  volt  will  reduce  the  working  speed.  Considera- 
tion will  show  that  the  action  of  resistance  in  the  sending 
circuit  wiU  be  in  every  way  similar  to  the  action  of  the 
retardation  and  condenser  coils  used  to  slow  down  the  rate 
at  which  the  condensers  in  the  compensation  circuit  of  an 
ordinary  duplex  are  charged.  The  maximum  value  of  the 
current  in  the  sending  circuit  of  a  Wheatstone  circuit  is 
frequently  well  over  250  m.a.,  whereas  the  received  cun-ent 
may  not  exceed  10  m.a.  It  is  for  this  reason  that  heat  coils 
having  a  striking-point  of  500  m.a.  are  invariably  used 
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upou  such  circuits  in  preference  to  those  having  a  striking- 
point  of  250  m.a.  (see  p.  578). 

Distributed  Leaks  and  Inductance  Coii5. 

Two  solutions  of  the  problem  of  increasing  the  working 
value  of  telegraph  and  telephone  circuits  by  alterations  to 
the  circuits  have  been  proposed.  The  first  consists  in 
reducing  the  insulation  of  the  circuit  by  the  application  of 
a  large  number  of  "  leaks  "  evenly  distributed  throughout 
the  circuit.  This  proposal  reduces  the  value  of  the  received 
current  and  experiments  upon  a  small  scale  seemed  to 
show  that  the  improvement  effected  was  of  a  somewhat 
doubtful  order.  At  all  events,  no  administration  has  had 
the  courage  to  risk  the  experiment  upon  a  veiy  long  cable. 
In  the  case  of  long  open  lines  and  open  lines  allied  vnth 
underground  sections  there  is  no  authentic  case  in  which 
the  working  speed  has  been  increased  owing  to  a  small  or 
large  fall  in  the  general  insulation  of  the  circuit.  Upon 
the  other  hand,  it  is  found  that  when  the  total  insulation 
is  less  than  the  conductor  resistance  the  speed  is  materially 
reduced. 

The  second  proposal  is  due  to  Oliver  Heaviside  and 
consists  in  giving  to  the  circuit  distrihvted  self-induction 
in  just  the  same  way  that  it  already  possesses  distributed 
capacity  and  resistance.  The  condition  is  approximately 
satisfied  if  the  self-induction  is  provided  by  inserting  coils 
in  the  lines  at  frequent  and  regular  intervals.  So  far,  the 
device  has  been  applied  almost  exclusively  to  telephone 
circuits,  and  has  resulted  in  the  efficiency  of  the  treated  or 
loaded  circuits  being  raised  to  from  twice  to  three  times 
the  efficiency  of  the  untreated  circuits.  The  resistance, 
self-inductance,  etc.,  the  distance  between  successive  coils 
varies  with  the  resistance,  capacity  and  length  of  the 
circuit  to  be  dealt  with,  but  the  values  of  each  coil  range 
from  resistance  l"to  10",  self-inductance  04  to  'I  henry, 
and  the  distance  apart  from  f  to  IV  miles.  In  most  cases 
the  coils  are  without  iron  cores  since  their  introduction 
would  lead  to  eddy  current  losses,  but  where  iron  is  used 
it  must  be  in  a  finely  divided  condition. 

In  the  case  of  aerial  lines  the  effects  of  leakage  render 
the  results  obtained  from  the  use  of  inductance  coils  very 
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doubtful.  With  underground  telephone  cables  very  great 
care  is  necessary  to  so  arrange  the  coils  that  overhearing 
between  the  various  circuits  in  the  cable  does  not  result 
from  the  close  proximity  of  the  various  coils. 

Some  experimental  telephone  cables,  constructed  for  the 
German  government,  were  foimed  by  winding  iron  wire 
around  the  copper  conductor,  insulating  with  paper,  and 
enclosed  in  a  seamless  sheathing  of  lead.  Lodge  and 
Hardie  (patent  27,265  of  1903)  propose  iron  wire  of  rect- 
angular section  or,  in  the  alternative,  a  series  of  iron 
washers  threaded  tightly  over  the  copper  conductor.  In 
November  1893  Oliver  Heaviside  considered  this  question, 
and  expressed  the  opinion  that  if  the  iron  were  in  actual 
and  continuous  contact  with  the  copper  the  "  skin  effect " 
would  destroy  the  benefit  that  might  otherwise  be  derived. 
Probably  a  thick  varnish  applied  to  the  copper  before 
appl3ang  the  iron  would  be  adequate.^ 

It  should  perhaps  be  stated  that  M.  I.  Pupin  was  the 
first  to  make  actual  experiments  upon  the  effect  of 
introducing  coils  into  telephone  circuits. 

The  capacities  of  the  various  tyj>es  of  aerial  and  under- 
ground wire  are  as  given  in  the  following  table  : — 

Capacity  and  Resistance  of  Various  Types  of  Line.     (A.  Eden.) 


Tyjte  of  line. 

Ty]»e  of 
wire. 

Aerial 

Copper 

» 

Iron 

G.P.  Undergtound 
'      Screened  cable. 

Copper 
Copper 

Gauge. 


100  lb. 
150  lb. 
200  lb. 
300  lb. 
400  lb. 
600  lb. 
800  lb. 
400  IK 
450  lb. 

40  1b. 

40  1b. 


Capacity  in 
m.f.'a  par  mile. 


•0144 

•0147 

•015 

•0153 

•0156 

•0158 

•016 

•0157 

•016 

•3 

•125 


RfBiafance  per 
mile  in  ohms. 


8^782 

5-855 

4-391 

2-928 

2-195 

1-464 

1-098 

13-32 

11-84 

21-959 

21-959 


Note  on  the  above  Table. — The  table  assumes  average 
distribution  of  trees,  and  twelve  wires  upon  the  poles  at  an 

*  EUctrician^  p.  92,  May  5,  1905. 
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average  height  of  thirty  feet  above  the  ground.  Where  there 
is  only  one  circuit  upon  the  poles  the  value  of  the  capacity 
given  in  the  table  should  be  reduced  by  28%.  The  capa- 
city of  an  open  or  aerial  metallic  circuit  is  five-eighths  of 
that  of  a  single  wire  circuit  of  the  same  type  of  wire.  With 
underground  wires  it  is  one-half. 

Example. — What  is  the  working  speed  of  a  circuit  con- 
sisting of  200  miles  of  150  lb.  aerial  copper  wire  and 
50  miles  of  G.P.  underground? 

Note, — The  KR  of  a  mixed  circuit  is  the  product  of  the 
total  resistance  and  total  capacity — not  the  sum  of  the  KRs 
of  the  separate  sections.  Also,  where  the  circuit  is  a  mixed 
one,  i.  e.  partly  open  and  partly  covered,  the  lower  speed 
constant  is  taken. 

Res.  of  200  miles  of  150  lb.  copper  =   lOTl*- 

„     „     50      „      „   G.P.  =  1098- 

Total  resistance  =  2169« 


Capacity  of  200  miles   of  150  lb.  copper  =    2*94  m.f. 
„     50      „      „    G.P.  =  15-      m.f. 

Total  capacity  =  1794  m.f. 

•.•  KR  of  circuit         =  2109  X  17*94 

Speed  of  working  =  -- ^^^^J^.'^^. 
^  ^      2109  X  17-94 

=  308  words  per  minute. 

A  working  speed  of  400  words  per  minute  is  obtainable 
through  the  following  lengths  of  line  of  each  class  : — 


150  lb.  copper  wire  aerial  line 

.     590  miles. 

1001b 

.     487      „ 

450  lb.  iron       „        „ 

.     363      „ 

4001b.  „            „        „       „ 

.     291      „ 

G.  P.  underground  line      . 

.      83      „ 

Screened  paper  cable  40  lb. 

•     128      „ 

Since  the  length  of  the  circuit  enters  into  both  the  total 
capacity  and  the  total  resistance,  it  will  be  obvious  that. 
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with  any  given  type  of  line,  the  speed  of  working  is  in- 
versely proportional  to  the  square  of  the  length  of  the 
circuit.  For  instance,  the  KR  of  100  miles  of  G.P.  under- 
ground is  68150  and  that  of  50  miles  170375,  hence  the 
working  speed  of  the  latter  circuit  is  four  times  as  great  as 
that  of  the  former. 

With  underground  lines  the  speed  of  working  of  a 
metallic  circuit  is  the  same  as  that  of  a  single  wire  between 
the  two  stations,  the  reason  being  that  whilst  the  resistance 
of  the  circuit  is  doubled  its  capacity  is  halved  by  the  addi- 
tion of  the  second  wire.  With  aerial  lines  the  speed  of  the 
metallic  circuit  would  be  less  than  that  of  the  single  wire. 

The  same  KR  underground  admits  of  a  greater  propor- 
tionate Wheatstone  speed,  the  exact  value  depending  upon 
the  dielectric.  Generally  speaking  india-rubber  gives  a 
lower  speed  than  gutta-percha-covered  wires  for  the  same 
KRy  and  the  lower  the  speed  the  greater  is  the  difference, 
electrification  being  a  factor.  Again,  paper  cables  give  a 
lower  value  than  gutta-percha,  but  the  screened  conductor 
types  give  higher  speed  than  even  twisted  metallic  circuits 
in  a  paper  cable. 

It  is  also  found  that  duplex  circuits,  whether  bridge  or 
differential,  give  a  speed  which  is  slightly  less  than  two- 
thirds  of  the  highest  speed  obtainable  under  the  best 
conditions  for  simplex  circuits. 

Hughes'  working  is  equivalent  to  Wheatstone  at  40 
words  per  minute,  hence  it  may  be  worked  at  full  speed 
when  the  KR  does  not  exceed  300,000. 

Theory  of  Repeater. 

Repeaters  are  employed  to  increase  the  working  speed  of 
a  telegraph  circuit.  If  the  speed  upon  a  circuit,  whoUy  of 
underground  or  wholly  aerial  line,  is  100  words  per  minute, 
then  the  speed  obtainable  upon  either  half  of  the  circuit, 
when  divided  in  the  centre,  is  not  twice  but  2*  times  100, 
i.  e.  400,  words  per  minute.  Where  the  circuit  consists  of 
short  sections  of  underground,  a  long  open  line,  and  then  a 
section  of  submarine  cable  (such  as  that  which  connects 
England  and  Ireland),  a  repeater  is  introduced  as  near  to 
the  cable  as  possible.  This  has  the  effect  of  dividing  the 
line  into  two  sections,  the  working  speed  of  either  of  which 
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is  considerably  more  than  that  of  the  whole  circuit.  The 
repeater  serves  to  receive  and  retransmit  the  signals, 
therefore  the  speed  of  woi'king  is  that  of  the  section  of 
highest  KR,  but  with  a  very  small  reduction  due  to  the 
mechanical  inertia  of  the  moving  parts  of  the  repeating 
apparatus.  With  a  G.P.  underground  line  330  miles  long 
the  working  speed  is  25  words  per  minute.  A  repeater 
introduced  in  the  centre  increases  this  to  100,  whilst  two 
repeaters  placed  respectively  one-third  and  two-thirds  of  the 
distance  from  either  terminal  gives  225.  Three  repeaters 
dividing  the  line  into  four  equal  sections  would  raise  the 
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Fia.  295.— Principle  of  simplex  repeater.    Up-staiion  sending. 

theoretical  speed  to  400  words  per  minute.  With  Wheat- 
stone  circuits  it  is  not  usual  to  introduce  more  than  two 
repeaters,  save  in  very  exceptional  circumstances. 

From  what  has  been  said  it  will  be  seen  that  the 
ideal  position  for  a  repeater  is  the  centre  of  the  Kit  of  the 
circuit.  Where  more  than  one  repeater  is  employed,  they 
should  be  placed  so  as  to  divide  the  circuit  into  lengths  of 
approximately  equal  KR. 

Principle  of  Simplex  Repeater. 

The  general  principle  of  a  simplex  repeater  is  illus- 
trated in  Figs.  295  and  296.  The  former  figure  indicates 
the  arrangement  required  to  enable  an  up  to  signal  to  a 
down  station,  whilst  the  second  figure  shows  a  down  sending 
to  an  up  station. 
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The  up  line  is  joined  through  a  relay  to  earth,  and  the 
tongue  of  this  relay  is  connected  to  the  down  line,  S  and  M 
being  joined  to  a  divided  battery.  The  tongue  of  the 
relay  is  maintained  against  8  by  the  spacing  current  from 
the  up  station,  and  a  negative  current  from  the  left  half  of 
the  battery  therefore  passes  to  the  down  station.  When 
the  up  station  depresses  his  key  the  tongue  of  the  relay 
moves  over  to  M,  so  transmitting  a  positive  current  to  the 
down  station  which  produces  a  mark  at  the  down  station. 

In  Fig.  296  the  down  line  is  terminated  through  a  relay 
and  the  up  line  connected  to  T.  It  will  be  observed  that 
the  down  line  is  joined  to  the  down  side  of  the  relay  and 
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Fig.  296. — Principle  of  simplex  repeater.    Down-station  sending. 

that  the  battery  connections  are  reversed  to  those  of  the 
previous  figure.  A  down  station  with  the  key  depressed 
sends  out  a  negative  current  to  line.  This  current  causes 
the  relay  to  mark  and  so  to  transmit  a  negative  current  to 
the  up  station. 

In  practice  it  is  necessaiy  to  arrange  that  the  terminal 
stations  may  work  together  in  either  direction.  Since  the 
relays  are  of  the  ordinary  Post  Office  pattern,  it  will  be  seen 
that  (Fig.  295)  even  where  thereis  no  current  passing  through 
the  up  relay  from  the  up  line,  there  will  still  be  a  current 
upon  the  down  line,  its  direction  being  either  "  spacing  " 
or  "marking"  according  to  whether  the  relay  has  a  spacing 
or  a  marking  bias,  or,  if  the  relay  be  of  neutral  adjustment, 
whether  the  tongue  was  left  on  the  spacing  or  marking 
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side  by  the  current  last  sent  through  the  relay.  Similar 
remarks  apply  with  equal  force  to  the  down  side  (Fig. 
296).  It  is  therefore  necessary  to  provide  an  automatic 
device  which  will  establish  the  conditions  shown  in  Fig. 
295  when  the  up  station  turns  his  switch  to  **  send,"  and 
those  of  Fig.  296  when  the  down  station's  switch  is  turned. 
This  requirement  is  met  by  the  use  of  two  automatic 
switches  controlled  by  two  neutral  relays,  which  are 
respectively  inserted  in  the  up  and  down  lines,  in  series 
with  the  transmitting  relays. 

Automatic  Switch.  . 
The  appearance  of  the  automatic  switch  is  shown  by 


Fia.  207.— Automatic  switch. 


Fig.  297  whilst  its  connections  are  apparent  from  Fig.  298. 
It  consists  of  an  electromagnet  with  two  armatures,  each  of 
which  plays  between  two  contact  points.  When  energized, 
the  armatures  are  attracted,  and  the  levers  make  contact  with 
the  inner  stops.  The  coils  are  shunted  by  a  non-inductive 
resistance  equal  in  value  to  the  resistance  of  the  coils.  Tliis 
shunt  renders  the  action  of  the  switch  very  sluggish — a 
condition  which  will  be  shown  to  be  necessary.  If  the 
current  through  the  coils  is  momentarily  stopped  and  then 
re-established  the  armatures  will  not  break  their  connections, 
since  the  E.M.F.,  due  to  the  self-induction  of  the  coils,  pro- 
duces a  current  through  the  coils  and  shunt.  As  the  re- 
sistance of  the  shunt  is  equal  to  that  of  the  coils  the  be48t 
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conditions  for  the  production   of  a  prolonged   effect  have 
been  provided. 

Simplex  Repeater. 

A  galvanometer  of  the  differential  pattern,  with  its  coils 
in  parallel,  is  included  in  each  line.  In  order  to  provide  for 
communications  between  the  repeater  and  teiminal  stations 
each  line  passes  through  the  two  lower  terminals  of  a  single 
current  key  with  switch,  the  battery  power  being  obtained 
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Pio.  298.— Skeleton  connections  of  fast  speed  simplex  repeater. 

by  teeing  the  main  batteries  upon  either  side  to  the  Z  and 
C  terminals  of  the  keys. 

In  the  sketch  of  the  connections  (Fig.  298)  it  will  be 
observed  that  a  shunted  condenser  is  placed  in  series 
with  the  two  relays  upon  either  side  of  the  repeater.  Its 
function  is,  as  in  ordinary  Wheatstone  working,  to  hasten 
the  formation  and  to  prevent  prolongation  of  the  signals. 

A  Wheatstone  receiver,  with  a  sounder  and  battery  con- 
nected to  the  local,  together  with  an  adjustable  resistance 
and  shunted  condenser  device,  is  provided  for  observing 
the  signals  sent  out  by  the  transmitting  relays. 
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The  S  and  M  contacts  of  the  neutral  relay  (coils  in 
parallel)  are  connected  together  to  the  one  side  of  the  coils 
of  the  automatic  switch,  the  other  side  being  joined  through 
a  local  battery,  consisting  of  ten  Large  Daniell  or  four 
Bichromate  cells,  to  T.  The  local  circuit  is  normally  dis- 
connected, owing  to  the  central  position  of  the  relay  tongue, 
but  it  is  completed  when  the  tongue  moves  over  to  either 
S  or  M.  K  now  a  series  of  signals  pass  through  the  neutral 
relay,  the  tongue  will  move  from  side  to  side  in  accordance 
with  them.  Since  the  automatic  switch  has  been  made 
sluggish  in  action  by  the  addition  of  the  shunt,  the 
momentary  disconnections  which  take  place  whilst  the 
tongue  is  travelling  from  8  to  Af,  or  rice  versa,  are  not  of 
sufficient  duration  for  the  armatures  to  be  released.  Hence, 
the  automatic  switch  remains  closed  so  long  as  a  continuous 
mark  or  a  continuous  space  is  formed  upon  the  auto- 
relay. 

The  relays,  galvanometer,  key,  automatic  switch,  shunted 
condenser,  and  batteries  are  termed  "  Up  "  or  "  Down " 
according  to  whether  they  are  in  connection  with  the  up 
or  down  lines.  The  neutral  relays  are  invariably  termed 
**  auto  "  relays  in  contradistinction  to  the  "  transmitting  " 
relays. 

Path  of  Current. 

When  the  down  station  turns  his  switch  a  positive  current 
passes  along  the  line  to  the  repeater  station,  where  it  passes 
through  the  down  galvanometer,  through  the  down  trans- 
mitting relay  (coils  invariably  in  series),  shunted  condenser 
and  down  auto-relay  (coils  in  parallel)  to  earth.  The  down 
auto-relay  closes  the  auto-switch,  which  connects  T  of  the 
down  transmitting  relay  to  the  up  line.  As  the  current 
from  the  down  station  passes  through  the  relays  in  the 
direction  Z)  to  C7  a  positive  current  is  sent  out  through  the 
contacts  of  the  down  auto-switch  and  through  the  up 
galvanometer  to  the  up  line.  A  series  of  signals  causes  both 
the  down  relay  tongues  to  move  in  accordance  with  those 
signals,  and,  as  the  momentary  disconnection  of  the  auto 
local  circuit  does  not  release  the  armatures,  the  signals  are 
accurately  transmitted  to  the  up  station. 

If  the  down  station  turns  his  switch  to  receive  and  the 
up  station  conmiences  to  send,  the  latter's  current  passes 
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through  the  up  galvanometer  and  up  relays  to  earth.  The 
local  circuit  of  the  up  auto  is  closed  and  the  up  transmitting 
relay  consequently  repeats  the  signals  received  to  the  down 
station. 

Inspection  of  the  figure  will  show  that  the  receiver  and 
leak  coils  are  connected  to  the  up  or  down  line  according 
to  whether  the  repeated  signals  are  being  sent  out  on 
the  up  or  the  down  line.  The  receiver,  therefore,  selves 
for  observing  the  character  and  condition  of  the  marks 
leaving  the  repeater  station.  The  adjustable  resistance 
coils  in  series  with  the  receiver  have  a  total  resistance 
of  20,000",  and  by  this  means  the  current  through  the  leak 
circuit  may  be  regulated.  The  prime  purpose  of  the  coils 
is  to  reduce  the  current  through  the  leak  receiver  to  the 
lowest  possible  value  which  is  sufficient  to  reliably  work  it. 
In  this  way  every  small  irregularity  will  be  made  apparent, 
whereas,  with  a  stronger  current  flowing,  the  clefect  is 
frequently  covered  up.  The  resistance  of  the  leak  circuit 
has  but  little  effect  upon  the  value  of  the  current  received 
at  the  terminal  stations.  Upon  a  circuit  of  5000"  resistance 
with  a  battery  resistance  of  500"  the  current  received  is 
reduced  by  less  than  6%  when  the  leak  circuit  resistance 
is  reduced  from  20,000«  to  5000". 

A  1  m.f .  condenser  is  placed  in  series  with  a  2000"  resist- 
ance coil  and  the  combination  joined  across  the  terminals  of 
the  leak  coils,  in  order  to  balance  the  self-inductance  of  the 
receiver,  and  so  reduce  the  tendency  to  sparking  at  tlie 
contacts  of  the  transmitting  relays. 

Adjustments. 

In  adjusting  the  auto-relay  care  should  be  taken  that  the 
least  possible  tension  is  given  to  the  springs.  When  so 
adjusted  there  are,  on  the  cessation  of  the  current,  two 
forces  tending  to  restore  the  tongue  to  the  midway  position, 
since  one  spring  is  in  compression,  and  therefore  assists  the 
spring  which  is  in  tension.  When  a  considerable  amount 
of  tension  is  placed  upon  the  springs,  both  are  in  tension 
when  deflected,  and  uncertain  working  at  once  results. 
Where  the  adjustment  has  been  carefully  made  it  is  by  no 
means  unusual  for  the  relay  to  work  for  six  months  without 
re-adjustment. 
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In  Chapter  V  it  was  pointed  out  that,  in  a  later  form  of 
relay,  the  spiral  springs  had  been  discarded  in  favour  of  a 
flat  spring  connected  to  the  tongue.  This  type  of  instru- 
ment is  far  easier  to  adjust,  but  experienced  repeater  clerks 
prefer  the  older  form  on  account  of  its  wider  range  and 
greater  stability  of  adjustment. 

The  working  speeds  of  all  the  most  important  Wheats  tune 
circuits  are  tested  each  day,  in  order  that  the  adjustments 
may  be  verified  or  corrected  before  the  heavy  traffic  com- 
mences. The  maximum  working  speed,  known  as  the 
"  standard  speed  "  of  each  circuit,  is  stated  at  the  time  of 
its  installation. 

Prior  to  commencing  the  daily  speed  trials — either  simplex 
or  duplex — the  contact  points  should  be  well  burnished, 
closed  up  to  the  short  circuiting  point,  opened  by  the 
smallest  possible  amount,  and  the  tongue  set  neutral.  The 
smaller  the  play  of  the  relay  tongues  the  higher  is  the 
working  speed  of  the  relay — this  has,  however,  already 
been  noted  in  Chapter  V. 


Faults. 

Whilst  it  is  scarcely  possible  to  schedule  every  fault 
which  can  occur  upon  a  repeater-board,  there  are  a  few 
defects  of  common  occurrence  which  may  with  advantage 
be  here  recorded.  In  each  case  where  the  neutral  relay 
is  concerned  the  note  as  to  the  cause  refers  to  the  spiral 
spring  type.  Wliere  the  newer  form  is  in  use,  the  terms 
"  too  much  tension  "  and  "  too  little  tension  "  should  be  read 
"  spring  too  short,"  and  "  spring  too  long  "  respectively. 

Fault.  Auto-switch  jumping  whilst  atatioiia  working. 

Cause.  (1)  Too  much  resistance  in  the  rheostat, 

(2)  Contact    points     of    auto-relay    too    wide 

apart, 

(3)  Contact  points  of  auto-relay  dirty, 

(4)  Too  much  tension  on  spiral  spring  of  auto- 

relay, 

(5)  Auto-battery  weak, 

(6)  Contact  or  intermittent  earth  on  line,  or 

(7)  Fault  in  sender's  key. 
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Fault.  Auto-&witch  jumping  whilst  circuit  at  rest. 

Cause.  (1)  Too  little  tension  on  spiral  springs  of  auto- 
relay,  or 

(2)  Contact  points  too  close,  or 

(3)  No  resistance  or  insufficient  resistance  in 

rheostat. 

This  fault  might  also  be  due  to  lightning  discharges. 
Fault.  Auto-svntch  sticking  whilst  circuit  at  rest. 

Cause.  (1)  Faulty  adjustments  of  spiral  springs   of 
auto-relay. 
(2)  Faulty  adjustment  of  auto-switch  armatures. 

When  a  station  reports  a  current  being  left  on  at  the 
repeater  a  glance  at  the  galvanometers  will  usually  suffice 
to  show  whether  this  is  so  or  not.  If  both  galvanometers 
show  a  deflection,  the  current  is  probably  coming  into  the 
repeater  from  one  side  or  the  other.  To  make  certain  of 
this,  put  over  both  switches  to  "  send,"  and  if  the  armatures 
of  the  auto-switches  are  at  once  released  the  fault  is  not  at 
the  repeater.  If,  however,  the  levers  fail  to  return  to  their 
normal  position,  the  fault  is  with  the  repeater  and  must  be 
at  once  attended  to. 

When  the  current  received  is  very  weak  and  there  are 
no  means  of  increasing  it,  it  will  probably  be  found  necessary 
to  increase  the  sensitiveness  of  the  auto-relay  by  decreasing 
the  tension  of  the  spiral  springs. 

Fault.  Signals  running  together  or  failing. 
Cause.  (1)  Line  fault, 

(2)  Sender's  key  faulty, 
(r3)  Misfitting  slip,  or 

(4)  Contact  points  of  transmitting  relay  dirty. 

Fault.  Sending  hattei-ies  short  circuiting. 

Cause.  (1)  Contact    points    closed    up    touching    the 
tongue, 

(2)  Line  to  earth  very  near, 

(3)  Lightning  protector  short  circuited,  or 

(4)  Key  screwed  down. 

This  fault  would  cause  the  indicator  bell  to  ring. 
Fault.  When  an  office  advises  that  they  are  unable  to  gain 
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the  attention  of  the  repeater  clerk,  and  it  is  found  that  no  call 
is  being  received,  the  key  switch  should  be  put  to  "  send," 
and  if  the  terminal  station's  current  is  received  on  the 
galvanometer  the  fault  is  likely  to  be  in: — 

(1)  The   right-hand  lever  of  the  auto-switch. 

If  not  there — 
^2)  Examine  switch  of  key, 

(3)  Arms  of  rheostat, 

(4)  And  all  other  connections  of  the  incoming 

current. 

Fault.  Weak  aignah  in  the  leak  circuit  might  be  due  to — 
Cause.  (1)  Too  much  resistance  in  leak  coils. 

(2)  Faulty  receiver  adjustment,  or — 

(3)  Earth  on  line,  close  up  to  repeater.     This 

latter  fault  might   cause  the  indicator 
bell  to  ring. 

Fault.  Signals  unreadable  at  terminal  station  althovgh 
good  marhs  are  (Stained  on  the  leak  receiver. 
Cause.  (1)  Line  fault,  or 

(2)  Instrument  fault  at  the  distant  station,  or 

(3)  Right-hand  lever  of  auto-switch  not  making 

good   contact.     (This   is  somewhat  im- 
probable.) 

An  earth  fault  is  frequently  caused  by  lightning  dis- 
charges short  circuiting  the  protectors. 

When  a  fault  appears,  it  is  unwise  to  alter  any  adjust- 
ment until  the  nature  of  the  defect  is  known  with  certainty. 


DUPLEX  HEPEATEK 

The  neutral  relays  and  auto-switches  are  not  needed  in 
duplex  working,  and  therefore  the  principle  and  the  skeleton 
connections  are  simpler  than  those  of  the  simplex  repeater. 
The  tongues  of  the  up  and  down  transmitting  relays  are 
respectively  connected  to  the  splits  of  the  down  and  up 
relays.  The  compensation  circuits  are  arranged  as  in 
ordinary  duplex  working,  and  the  condensers,  rheostat, 
retardation  and  condenser  coils  are  denoted  by  **  R  "  in  the 
conventional  diagram  given  in  Fig.  299. 
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At  the  up  and  down  offices  the  skeleton  connections, 
when  the  keys  are  at  rest,  are  given  in  order  to  correlate 


DOWN    S«DE 


DOWN    OFFICE 


UP   OFFICE 


Fio.  299.— Skeleton  connections  of  duplex  repeater  showing  terminal  stations 
with  their  keys  at  rest 


the  various  parts  of  the  complete  circuit.  It  is  assumed 
that  all  four  compensation  circuits  have  been  balanced  as 
in  ordinary  duplex  working.     The  position  of  the  tongue 
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of  the  up  relay  depends  upon  the  position  of  the  up  station 
key,  whilst  the  down  relay  is  similarly  controlled  by  the 
down  office.  The  path  of  the  current  upon  the  up  side 
is — from  the  positive  pole  of  the  down  battery  through  the 
circle  coils  of  the  up  relay  (direction  D  to  C7),  through  tlie 
up  line,  and  through  the  right  coil,  battery,  and  circle  coil 
of  the  relay  (direction  D  to  U)  at  up  office  to  earth.  The 
tongue  of  the  up  transmitting  relay  is  thus  held  over  to  S 
by  the  preponderance  of  the  line  over  the  compensation 
current.  The  compensation  currents  at  the  up  relay  and 
at  the  up  office  should  require  no  comment. 

The  path  of  the  current  from  the  down  ofl&ce  is  from  its 
battery,  through  the  relay  (direction  D  to  U),  through  the 
line,  through  the  plain  coil  of  the  down  relay  (direction 
D  toU)  to  the  tongue  of  the  up  transmitting  relay,  joining 
with  the  negative  half  of  the  battery,  to  earth,  through  the 
right  coil  of  the  down  relay  back  to  the  down  office  battery. 
The  tongue  of  the  down  transmitting  relay  is  thus  held 
over  to  S. 

If  the  up  office  key  is  depressed  the  tongue  of  the  up 
transmitting  relay  moves  over  to  M,  This  reveraal  causes 
the  battery  to  oppose  that  at  the  down  office,  and  a  mark 
is  made  by  the  dow^n  office  compensation  circuit.  It  will 
be  observed  that  the  down  transmitting  relay  still  spaces, 
and  a  space  is  therefore  registered  at  the  up  office.  To 
go  over  all  the  possible  combinations  is  merely  to  repeat 
a  considerable  portion  of  Chapter  VII.  The  important 
point  to  be  observed  is  that  the  key  at  the  up  office  deter- 
mines the  position  of  the  tongue  of  the  up  transmitting 
relay,  whilst  the  down  key  controls  the  tongue  of  the  down 
relay. 

The  duplex  and  single  switch  is  of  the  8-bar  type,  and 
is  equivalent  to  eight  two-way  switches  operated  by  a 
single  lever  or  handle.  Its  functions  in  changing  from 
simplex  to  duplex  are  as  follows : — 

1.  To  disconnect  the  neutral  relays. 

2.  To  place  the  galvanometer  coils  in  series  with  the 
relay  as  in  Fig.  283. 

3.  To  tee  the  leak  receiver  and  leak  relay  to  the  I' 
terminals  of  the  transmitting  relays. 

4.  To  place  the  keys  in  series  with  the  split  wires  for 
balancing  and  speaking  purposes. 
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It  is  essential  that  the  repeater  station  shall  be  able  to 
observe  the  condition  of  the  marks  sent  out  upon  either  side, 
so  that  either  office  shall  always  be  able  to  gain  the  attention 
of  the  relay  clerk.  This  is  provided  for  by  means  of  the 
leak  switch,  which  connects  the  leak  receiver  and  leak  relay 
to  the  up  and  down  transmitting  relays  in  accordance  with 
the  position  of  the  peg.  In  this  way,  the  receiver  may 
be  used  to  observe  the  marks  sent  out  upon  either  side, 
whilst  the  two  sounders,  attached  to  the  leak  receiver  and 
relay,  serve  to  indicate  calls.  In  simplex  working  either 
the  receiver  or  the  relay  may  be  joined  up  as  in  Fig.  298. 
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Via.  800.— Peg  switch  used  in  connection  with  the  leak  circuit  of  daplez  repeaters. 

The  switch  consists  of  fourteen  mounted  springs  (marked 
1  to  14  in  Fig.  300)  and  a  peg  bearing  four  springs  upon 
either  side.  The  peg  may  be  inserted  either  vertically 
between  contacts  7  to  14  or  horizontally  between  contacts 
1  to  6.  The  two  sides  of  the  peg  are  marked  "  receiver  " 
and  "  relay "  respectively,  and  the  switch  is  so  joined  up 
that  the  engraving  upon  the  peg  denotes  the  sides  to  which 
the  receiver  and  relay  are  connected  when  the  peg  is  placed 
vertically.  When  in  the  horizontal  position,  the  engraving 
upon  the  front  side  of  the  peg  indicates  whether  the  receiver 
or  relay  is  in  circuit. 

The  connections  of  the  leak  circuit  and  switch  are  indi- 
cated in   Fig.  301.     When  working  duplex,  the  peg  is 
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inserted  vertically,  and  when  the  relay  side  faces  the  left 
the  following  connections  are  made : — 7  to  8  by  h  and  cZ, 
9  to  10  by  gf  and  c,  11  to  13  by  /  and  e,  12  to  14  by  h  and  a. 


AUTO    SWITCHES 


DOWN  SIDE  UP  <SIDE 

Fia.  301.— Leak  circuits  upon  a  duplex  repeater. 

The  springs  a  and  h  and  h  and  g  are  respectively  connected 
together  by  screws  passing  through  the  body  of  the  peg. 

Reversal  of  the  peg  joins  7  and  9,  8  and  10,  11  and  12, 
and  12  and  14,  so  connecting  the  receiver  to  the  down  and 
relay  to  the  up  transmitting  relay. 
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At  simplex  the  peg  is  placed  horizontally  and  with  the 
receiver  side  of  the  peg  facing  the  front,  1  and  2  and  4 
and  6  are  joined. 

The  general  arrangement  will,  however,  be  quite  apparent 
from  Fig.  301. 

Two  battery  resistance  coils  and  6  -terminal  2-position 
switches  are  provided,  as  in  Wheatstone  duplex  sets,  for 
balancing  purposes.  The  rheostat,  condenser,  and  its  timing 
resistances  upon  each  side  are  used  as  the  shunted  or 
reading  condenser  in  simplex  working.     Two  sets  of  leak 


LAND- 


Fio.  808.— Skeleton  connections  of  a  daplex  repeater  working  upon  the  bridge  method 
on  the  cable  side. 

coils  placed  in  a  single  box  are  used  in  conjunction  with 
the  leak  relay  and  receiver,  and  each  is  supplemented  by 
the  usual  leak  condenser,  etc.,  as  shown  in  Fig.  301. 

A  view  of  a  duplex  repeater  is  given  in  Fig.  302,  but  in 
later  forms  the  pegs,  cords  and  switch  springs  in  the  leak 
circuit  are  replaced  by  a  peg  switch  of  the  type  shown  in 
Fig.  304. 

Duplex  Repeater  for  Cable  Circuits. 

Cable  circuits  are  usually  worked  upon  the  bridge  duplex 
system  in  order  to  obtain  a  higher  speed  than  is  possible 


RE PEAT BUS 


534  TELEGRAPHY 

with  the  differential  duplex ;  but  since  the  speed  of  the 
land  line  is  invariably  greatly  in  excess  of  that  of  the  cable, 
the  land  line  is  worked  as  a  differential  duplex  in  order  to 
economize  battery  power.  This  arrangement  contains  no 
new  principles,  and  it  is  believed  that  the  skeleton  diagram 
given  in  Fig.  303  is  sufficiently  explicit.  A  view  of  such 
a  repeater  is  given  in  Fig.  304,  and  it  may  be  pointed  out 
that  the  receiver  is  placed  in  a  similar  position  to  that 
shown  in  Fig.  302,  and  that  the  sounders,  etc.,  are  placed 
upon  the  shelf  above  the  board.  The  large  condensers 
required  for  balancing  and  for  signalling  on  the  cable  side 
are  mounted  upon  the  up  and  down  sides  of  the  board, 
whilst  the  land  line  balancing  condenser  is  fixed  upon  the 
shelf.  The  third  galvanometer  is  in  the  leak  circuit — an 
arrangement  which  is  being  generally  adopted  upon  all 
new  circuits. 

FORKED  REPEATERS. 

There  are  cases  in  which  it  is  necessary  to  repeat  to  two 
or  more  offices  situated  in  opposite  directions  ;  for  example, 
London  transmits  news  to  Belfast  and  Cork  with  the  aid 
of  a  forked  repeater  at  Dublin.  This  object  may,  of  course, 
be  accomplished  by  using  an  ordinary  simplex  repeater 
with  the  Dublin-Belfast  and  Dublin-Cork  lines  connected 
together  to  the  down  side.  In  this  case  it  will  be  obvious 
that,  since  Cork  and  Belfast  are  both  down  offices,  the 
signals  sent  by  Belfast  would  be  received  reversed  at  Cork, 
and  Cork's  signals  would  be  reversed  at  Belfast,  but  both 
offices  would,  of  course,  read  London  correctly,  and,  simi- 
larly, London  would  be  able  to  read  both.  The  forked 
repeater  was  designed  to  enable  the  "  fork  "  offices  to  read 
each  other's  signals,  and,  in  the  apparatus  about  to  be 
described,  provision  is  made  for  Wheatstone  working  from 
all  offices. 

By  means  of  a  6-bar  switch  the  forked  repeater  may  be 
converted  into  a  simplex  repeater  of  the  type  illustrated  in 
Fig.  298.  It  will,  however,  suffice  to  indicate  the  principle 
of  the  arrangement  by  means  of  a  skeleton  diagram.  ' 

The  forked  repeater  contains  three  galvanometers^  three 
transmitting,  three  auto-relays,  three  auto-switche^^,  and 
two  relaying  sounders. 
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Path  of  Current. 

Referring  to  Fig.  305,  it  will  be  seen  that  a  current  from 
the  up  station  passes  to  earth  via  the  right-hand  lever  of 
auto-switch  1,  up  transmitting  relay,  rheostat,  and  up  auto- 
relay.  The  latter  relay  closes  auto-switches  2  and  5.  The 
current  from  the  up  transmitting  relay  passes  to  the  down 
line  1  via  the  right-hand  lever  of  auto-switch  2  and  to 
down  line  2  vici  the  left-hand  lever  of  auto-switch  5.  A 
portion  of  the  total  current  also  passes  through  the  leak 
circuit  via  the  left-hand  lever  of  auto-switch  2.  A  cur- 
rent from  down  line  1  passes  to  earth  via  the  right-hand 
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Fio.  805.— Principle  of  forked  repeater. 

levers  of  auto-switches  2  and  3,  the  left-hand  down  auto- 
relay  in  parallel  through  the  down  transmitting  relays  and 
the  rheostat.  The  left-hand  auto-relay  closes  auto-switches 
1  and  4  and  the  current  from  the  left-hand  down  trans- 
mitting relay  passes  to  the  up  line  vid,  the  right-hand  lever 
of  auto-switch  1,  whilst  the  current  from  the  right-hand 
down  transmitting  relay  passes  to  down  line  2  vid  the  left- 
hand  levers  of  auto-switches  4  and  5  and  to  the  leak  circuit 
vid  the  left-hand  levers  of  auto-switches  4,  3  and  2. 

A  current  from  the  down  line  No.  2  passes  to  earth  vid 
the  right-hand  levers  of  auto-switches  5  and  4,  right-hand 
down  auto-relay,  in  parallel  through  the  down  transmitting 
relays  and  the  rheostat.     The  right-hand  down  auto-relay 
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closes  auto-switclies  1  and  3,  and  the  current  from  the  left- 
hand  down  transmitting  relay  passes  to  the  up  line  via  the 
right-hand  lever  of  auto-switch  1  as  in  the  case  of  the 
current  from  the  down  line  1,  whilst  the  current  from  the 
right-hand  down  transmitting  relay  passes  to  down  line 
No.  1  vid  the  right-hand  levers  of  auto-switches  3  and  2  and 
to  the  leak  circuit  vid  the  left-hand  levers  of  auto-switches 
3  and  2. 

It  will  thus  be  seen  that  the  signals  are  "  straight "  to  all 
stations,  and  that  the  down  stations  are  enabled  to  read 
each  other's  signals. 

A  6-terminal  2-position  switch  is  added  to  the  board  in 
order  that  the  condition  of  the  signals  sent  out,  upon  either 
of  the  down  lines,  may  be  observed.  The  key  for  corre- 
sponding with  the  terminal  stations  is  of  the  reversing  key 
pattern,  but  has  a  send  and  receive  switch  equivalent  to 
three  mechanically  connected  two-way  switches.  This  is 
necessitated  by  the  fact  that  signals  are  simultaneously 
sent  out  to  the  three  lines  ;  one  side  of  the  key  is  used  for 
the  down  lines,  whilst  the  other  side  sends  out  currents 
upon  the  up  line. 


SOUNDER  SILENCER, 

The  advent  of  the  sounder  silencer,  which  was  invented 
by  Kempe,  marked  a  new  epoch  in  the  history  of  repeater 
stations.  Prior  to  its  advent  the  greatest  difficulty  was 
experienced  in  detecting  calling  signals  from  amongst 
15  or  20  repeaters  working  simultaneously  in  a  room,  the 
dimensions  of  which  might  not  exceed  15  feet  square. 
With  the  silencer  the  whole  of  the  local  circuits  containing 
sounders  are  normally  disconnected,  but  may  be  joined  up, 
as  desired,  at  the  will  of  the  repeater  clerk,  or  the  relevant 
sounder  may  be  brought  into  circuit  by  either  of  the 
terminal  stations  upon  any  repeater  circuit.  In  order  to 
call  the  repeater  station  the  terminal  office  holds  down  the 
key,  for  from  14  to  18  seconds,  and  then  gives  the  calling 
code  signal  once.  In  the  comparatively  silent  room  the 
call  is  at  once  observed  and  prompt  attention  is  the  result. 

The  electromagnets  of  the  sounder — one  magnet  being 
required  for  each  sounder — are  placed  side  by  side  with 
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the  jointed  extension  arms  of  each  pivoted  armature  lever 
resting  upon  a  continuously  revolving  wooden  barrel  (Fig. 
306).  The  armature  lever  A  carries  two  contact  springs 
Si  a  S2  pl^yi^g  between  two  contact  points  C^  and  Cg. 
The  extension  arm  L  rests  upon  the  barrel  C,  against  which 
it  is  held  by  the  spiral  spring  Sg.  The  electromagnet  is 
connected  to  a  battery  through  T  and  S  of  the  relay  or 
receiver  as  the  case  may  be  (Fig.  307). 

In  the  normal  position,  when  the  relay  or  receiver  tongue 
is  resting  upon  S,  the  armature  A  is  attracted,  which  pre- 
vents the  slowly  revolving  cylinder  from  pulling  down  the 
end  of  the  brass  lever.  The  local  circuit  of  the  sounder 
is  thus  kept  disconnected,  but  immediately  a  marking 
current  is  sent  through  either  the  relay  or  the  receiver  the 


Fio.  306.— Principle  of  sounder  silencer. 


silencer  magnet  circuit  is  disconnected,  and  the  cylinder  G 
gradually  pulls  down  the  lever,  with  the  result  that  contact 
is  broken  at  Cg  and  made  at  Cj.  This  completes  the  local 
circuit,  and  the  sounder  is  brought  into  play. 

The  instrument  is  usually  adjusted  to  bring  the  sounders 
into  circuit  after  the  terminal  station  has  continuously 
depressed  his  key  for  from  14  to  18  seconds.  In  ordinary 
working  the  spacing  currents  follow  the  marking  currents 
too  quickly  to  allow  the  armature  to  rise  to  the  full  extent 
necessary  to  bring  in  the  sounders.  Should  the  clockwork 
driving  the  wooden  barrel  stop,  the  whole  of  the  sounders 
are  brought  into  play  by  the  pendulum  bob  opening  the 
throw-off  switch,  thus  disconnecting  all  the  silencer  magnet 
circuits. 
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The  actual  connections  of  a  sounder  silencer  are  depicted 
in  Fig.  307.  The  only  point  for  comment  is  that  the 
specially  designed  press-button  enables  the  relay  clerk  to 
bring  in  the  soimders  at  will  by  disconnecting  the  silencer 
magnets.  When  the  right-hand  button  is  depressed  instead, 
the  sounders  are  thrown  out  of  circuit. 

CiBOuiT  Silencer. 

A  single  set  of  clockwork  is  necessary  for  the  whole  of 
the  sounders  which  it  is  necessary  to  silence  in  any  given 
oflSce,  and  where  there  are  several  to  be  dealt  with  the 
sounder  silencer  is  invariably  employed.  The  cost  of  the 
device  per  circuit  is  extremely  high  where  but  one  or  two 
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Fio.  807.— Connections  of  silencer  magnets. 


sounders  have  to  be  silenced,  and  accordingly  a  new  in- 
strument termed  a  "  circuit  silencer "  has  recently  been 
designed.  This  instniment  is  also  largely  employed  upon 
those  circuits  which  are  led  into  offices  for  the  transmission 
of  service  messages  concerning  the  testing  of  wires  passing 
the  test-boxes  of  the  offices  in  question.  The  number  of 
messages  will  not  be  sufficient  to  justify  the  use  of  a 
circuit  for  this  purpose  alone,  and  the  ordinary  channels 
may  involve  re-transmission,  thus  incurring  delay. 

The  circuit  silencer  is  shown  in  perspective  in  Fig.  307a, 
whilst  the  detail  of  the  pneumatic  reguLitor  and  valve  is 
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shown  in  Fig.  3076.  The  electromagnet  is  connected  with 
a  local  battery  between  T  and  S  of  the  relay  upon  the 
circuit  to  be  silenced,  and  therefore  eveiy  spacing  current 
causes  the  armature  to  descend.  The  end  of  the  armature 
is  connected  to  the  centre  of  an  oiled  silk  diaphragm 
which  can  move  downwards  quite  freely  by  expelling  the 
air  from  the  chamber  through  the  outlet  valve.     The  air 


Fia.  807a.— View  of  a  circuit  silencer. 

inlet  is,  however,  regulated  by  the  platinum  cone,  and  may 
be  made  as  small  as  is  required.  If  the  key  at  the 
terminal  station  is  held  down  for  about  15  to  20  seconds 
the  chamber  fills  with  air  and  the  armature  rises  to  its 
full  extent  thus  bringing  in  the  sounder.  It  may  also  be 
interesting  to  notice  that  the  effects  of  residual  magnetism 
have  been  employed  to  prevent  the  apparatus  acting  when 
Wheatstone  signals  are  being  sent  over  the  circuit.     The 
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armature  is  allowed  to  bank  down  on  to  the  cores  of  the 
electromagnet,  and  this  no  donbt  very  greatly  increases  the 
sluggishness  with  which  the  instrument  works. 

External  Connections  of  Repeater  Board. 

The  external  connections  of  a  repeater  board  are  shown 
in  Fig.  308,  and  call  for  veiy  little  comment.  It  will  be 
observed  that  a  non-polarized  drop  indicator  is  included  in 
the  negative  lead  of  each  main  battery.  This  serves  to 
indicate  a  short  circuit  between  S  and  M  upon  the  relevant 
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Fio.  8076.— Details  of  outlet  valve  and  air  inlet 

transmitting  or  auto-relays.  The  3"  indicator  (coils  25«* 
and  shunt  3*4")  is  not  actuated  by  the  ordinary  working 
currents,  but  only  by  the  current  resulting  from  a  short 
circuit  of  the  main  battery  through  its  coils. 

The  changes  necessary  where  the  repeaters  are  worked 
by  secondary  cells  are  sufficiently  obvious  from  the  prin- 
ciples laid  down  in  the  previous  chapter. 

Battery  Power,  etc. 

The  minimum  power  used  upon  repeaters  is  100\  and 
where  secondary  cells  are  not  in  use  Bichromate  batteries 
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are  employed.  The  auto  local  battery  is  usually  10  Large 
Daniell  or  4  Bichromate  cells,  or  with  the  secondary  cdl 
system  24^,  the  switches  being  wound  to  suit  this  value. 


THE  HUGHES  REPEATER. 
The  Hughes  repeaters  are  simpler   than  any  of  those 
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Fia.  808.— External  connections  of  a  repeater  board. 

previously  described.  The  main  feature  is  the  use  of  a 
switch  by  which  sounder  apparatus  may  be  introduced  for 
speaking  purposes.  The  only  other  point  is  the  use  of  a 
"  discharger,"  which  consists  of  a  relaying  sounder.  The 
coils  are  joined  up  in  the  local  circuit  of  a  standard  relay, 
and  when  a  current  is  sent  from  the  up-relay  a  portion  of 
the  current  passes  to  earth  vid  the  leak  coils  and  the  coils 
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of  this  discharger  relay,  the  local  circuit  is  closed  and  the 
armature  of  the  relaying  sounder  is  held  down.  The  action 
of  this  sounder  is  sluggish,  so  that  while  on  the  cessation 
of  the  current  the  tongue  of  the  transmitting  relay  promptly 
falls  to  the  spacing   side,  the   amiature  of  the   relajdng 
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Pio.  S09.— Skeleton  connections  of  a  qnadruplex  circuit  with  the  ••  A  "  side  reUyed 
to  a  down  office. 

sounder  is  held  down  for  an  appreciably  longer  time,  and 
during  this  interval  the  cable  discharge  passes  to  earth 
vid  the  tongues,  the  spacing  contact  of  the  transmitting 
relay  and  the  armature  of  the  relaying  sounder.  Reference 
to  Plate  37  of  the  official  diagram  book  will  make  the 
whole  action  perfectly  clear. 
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QUADRUFLEX  A  SIDE  RELAYED. 

Where  a  line  passes  through  three  offices  Z,  F,  and  Z, 
the  XY  section  of  the  line  is  frequently  quadruplexed,  and 
the  A  side  relayed  to  Z  from  Y.  This  gives  the  equivalent 
of  an  XY  and  an  XZ  duplex  circuit  without  the  necessity 
of  two  wires  between  X  and  Y,  After  the  consideration 
accorded  to  duplex  repeaters  little  difficulty  should  be 
experienced  in  following  the  arrangements  necessary  to 
meet  this  requirement.  The  apparatus  needed,  with  the 
single  exception  of  the  pole-changer,  has  already  been 
described. 

POLE-OHANGER. 

The  pole-changer  consists  of  an  electromagnet  with  a 
pivoted  armature,  the  end  of  which  plays  between  two 
contact  levers.  In  the  normal  position  the  end  of  the 
armature  lever  depresses  the  right-hand  contact  lever  with 
which  it  makes  contact,  whilst  the  connection  between  the 
lever  and  its  upper  point  is  severed.  When  the  electro- 
magnet is  energized,  the  armature  lever  makes  contact 
with  the  upper  lever,  and  severs  the  connection  witlv  the 
lower  contact  point.  The  arrangement  is  depicted  con- 
ventionally in  the  general  figure  of  a  quadruplex  A  side 
relayed. 

Path  of  Current. 

The  skeleton  connections  of  a  quadruplex  circuit  with 
the  A  side  relayed  to  a  down  office  are  shown  in  full 
skeleton  in  Fig.  310.  Each  relay  is,  of  course,  furnished 
with  a  sounder,  but,  for  the  sake  of  simplicity,  these  have 
been  omitted  in  each  case.  Similarly  R  has  been  employed 
to  denote  the  rheostat,  condenser,  and  timing  resistances, 
whilst  B  represents  the  inductance  coil,  mention  of  which 
was  made  on  p.  514. 

The  quadruplex  line  is  connected  to  the  galvanometer, 
and  the  A  and  B  side  relays  arranged  as  in  ordinary 
quadruplex  working.  The  local  circuit  of  the  A  side 
relay  is  connected  to  a  sounder,  and  also  through  the  coils 
of  the  right-hand  pole-changer  to  the  24""  battery.  In  this 
way  the  marks  received  upon  the  A  side  relay  actuate  the 
sounder,  and  also  produce  corresponding  movements  of 


644 


TELEGRAPHY 


1 


^ 

1 
5 


I 


J 
^ 


REPEATERS  545 

the  annature  of  the  pole-changer.  This  pole-changer  may 
be  regarded  as  a  double  current  key  automatically  operated 
by  the  closing  of  the  local  circuit  of  the  A  side  relay. 

In  a  like  manner  the  left  pole-changer  is  operated  by 
the  relay  on  the  duplex  line.  Now,  the  6-terminal  re- 
versing key  determines  the  power  supplied,  whilst  this 
pole-changer  determines  its  direction.  The  levers  of  the 
pole-changers  are  joined  to  the  splits  of  the  duplex,  and 
of  the  quadruplex  circuits.  The  A  side  marks  are  thus 
repeated  to  the  down  or  duplex  station,  whilst  its  marks 
are  repeated  to  the  quadruplex  circuit. 

It  will  be  observed  that  the  circuits  of  the  pole-changers 
are  taken  through  two  "  single  current  keys  with  switches." 
This  enables  the  pole-changers  to  be  operated  in  accord- 
ance with  the  marks  sent  out,  and  so  serves  for  balancing 
purposes,  or  if  necessary  the  circuit  may  be  worked  as 
two  independent  duplex  and  quadruplex  circuits. 

A  galvanometer,  coils  in  series  and  shunted  by  lO*,  has 
been  placed  in  the  quadruplex  compensation  circuit  for 
measuring  the  current  when  required.  The  power  required 
for  duplex  working  is  about  one-third  of  the  full  quadru- 
plex power,  and  therefore  a  galvanometer  with  its  coils  in 
parallel  is  adequate  to  the  needs  of  the  duplex  circuit. 

At  oflSces  where  secondary  cells  are  not  in  use  the  same 
arrangements  are  made  save  that  a  13-cell  bichromate 
battery  is  used  for  each  local  circuit,  the  fuses  omitted,  and 
the  lamp  resistances  replaced  by  metal-cased  resistance 
coils.     The  split  batteries  are  still  retained. 

At  an  up  office,  relayed  to  another  up  office,  the  wires  on 
the  upper  and  on  the  lower  terminals  of  the  quadruplex 
circuit  line  galvanometer,  D  and  C7-circle  on  the  A  side 
relay,  the  battery  wires  upon  the  second  and  third 
terminals  of  the  pole-changer,  and  the  two  upper  wires 
upon  the  duplex  circuit  line  galvanometer. 


NEW  QUADRUPLEX  A  SIDE  RELATED. 

The  latest  method  of  relaying  the  A  side  of  a  quadruplex 
circuit  is  shown  in  Fig.  310,  and  chiefly  differs  from  the 
previous  method  in  the  substitution  of  polarized  standard 
relays  for  pole-changers.     Although  a  momentary  short 
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circuit  is  preferable  to  a  momentary  disconnection  in  the 
sending  circuit,  the  alteration  has  proved  to  be  beneficial. 
This  result  is  undoubtedly  due  to  the  fact  that  the  weight 
and  amplitude  of  motion  of  the  moving  system  are  far  less 
in  a  relay  than  in  a  pole-changer. 

A  polarized  sounder  is  connected  in  leak  with  the  tongue 
of  A  side  transmitting  relay  for  the  purpose  of  affording 
a  means  of  checking  the  adjustment  of  that  relay,  and  so 
ensuring  that  satisfactory  signals  are  sent  on  to  the  duplex 
line.  The  relay  connected  to  the  tongue  of  the  duplex 
relay  is  used  to  form  the  signals  from  the  duplex  circuit 
upon  the  sounder. 

By  turning  the  switch  of  the  DC  key  to  "  send  "  quad- 
niplex  working  may  be  resorted  to  upon  the  up-line,  whilst 
the  duplex  circuit  may  be  independently  worked  by  means 
of  the  single  current  key  with  switch.  This  facility  is 
frequently  of  considerable  practical  value,  and  it  is  obtained 
without  any  sensible  addition  to  the  apparatus  eesentidl 
for  relaying  the  "  A  "  side  since  extra  keys  must  necessarily 
be  provided  for  balancing  purposes. 


QUADRUPLEX  REPEATER, 

During  the  past  few  years  quadruplex  working  has  been 
greatly  extended  and,  in  order  to  work  over  very  long 
lines,  or  rather  lines  having  a  high  KR^  it  became  necessary 
to  design  a  quadruplex  repeater.  The  chief  difficulties  are 
experienced  in  dealing  with  the  B  side,  since  an  apparatus 
which  will  perform  the  functions  of  the  6-terminaJ.  revers- 
ing key  is  required.  One  instrimient  of  this  character, 
termed  an  incrementer,  and  illustrated  in  Figs.  310a,  310fc, 
and  310c,  was  recently  introduced.  It  consists  of  a  vertical 
electromagnet  acting  upon  a  soft  iron  armature  attached  to 
a  divided  lever  pivoted  at  its  lower  extremity.  The  upper 
end  of  this  lever  is  furnished  with  two  adjustable  contact 
screws  (Fig.  3106),  which  are  normally  clear  of  the  two 
pivoted  contact  levers.  When  the  electromagnet  is  ener- 
gized the  divided  lever  moves  forward,  establishes  contact 
with  the  pivoted  levers,  and  finally  moves  both  forward, 
thus  breaking  the  connection  existing  between  the  levers 
and  their  contact  points.     It  will  thus  be  seen  that  the 
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incrementer  provides  for  a  momentary  short  circuit  whilst 
the  levers  are  moving. 

If  now  a  standard  relay  is  used  to  determine  the  direction 
of  the  current  whilst  the  incrementer  determines  its  magni- 
tude, a  qnadruplex  repeater  may  at  once  be  designed.  The 
local  circuit  of  the  up  A  relay  would  operate  a  standard 
relay,  whilst  the  up  B  relay  would  operate  the  incre- 
menter, the  tongue  of  the  A  relay  being  connected  to  the 
split  of  the  dowm  B  relay.  Similarly  the  down  relays 
would  operate  a  relay  and  an  incrementer,  the  tongue  of 
the  former  being  connected  to  the  split  of  the  up  B  relay. 


FiQ.  310c.— DlagrammaUo  representation  of  an  incrementer. 

By  modifying  these  arrangements  somewhat  it  is  quite  easy 
to  provide  for  an  oflSce  P  to  work  duplex  to  R  and  S  having 
a  single  wire  from  P  to  §  and  one  each  Q  ioR  and  Q  to  S. 
It  has  been  foimd  that,  owing  to  the  inertia  of  the 
moving  system,  the  type  of  incrementer  depicted  is  unsuit- 
able for  very  long  circuits,  and  more  especially  is  this  the 
case  when  Wheatstone  working  is  required  upon  the  "  A  " 
side.  A  double-tongued  relay  was  tried  for  the  purpose, 
but  the  adjustments  were  found  to  be  too  fine,  and  at  the 
present  time  two  separate  relays  connected  in  series  are 
being  used  with  eminently  satisfactory  results.  The  skele- 
ton connections  of  this  type  of  quadruple!  repeater  are 
shown  in  Fig.  310d,  but  it  is  quite  possible  that  some  of 
the  details  may  be  slightly  modified. 
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It  will  be  observed  that  a  condenser  is  placed  across  the 
relays  used  as  increm enters,  the  object  being  to  avoid 
irregularities  due  to  the  "  B  "  kick  effect.  Leak  circuits 
are  also  added  for  observation  of  the  signals  sent  out  upon 
each  side.  Suitable  keys  are  provided  for  balancing  and 
for  speaking  purposes.  It  will,  however,  at  present  stage 
be  sufl5cient  to  indicate  the  general  principles  involved. 
In  the  final  an-angement  switches  will  no  doubt  be  intro- 
duced for  converting  the  set  for  simplex  working,  whilst 
the  incrementing  device  will  be  xnodified  possibly  by  using 
two  polarized  armatures  operated  by  a  single  pair  of 
electromagnets. 

The  A  side  signals  passing  out  are  judged  by  the  marks 
upon  the  up  and  down  leak  relays,  whilst  the  B  marks  are 
observed  with  the  aid  of  the  non-polarized  relay  placed  in 
each  compensation  circuit. 


CHAPTER   XVIII 

THE  TEST  BOX  AND  PROTECTIVE  DEVICES, 

PART  I.    THE  TEST  BOX. 

Principle  and  General  Arrangement. 

rpHE  test  box,  which  is  one  of  the  most  important  ad- 
Jl  juncts  of  a  telegraph  office,  provides  a  point  from 
which  the  various  tests  and  circuit  changes  may  readily  be 
made.  The  principle  of  each  of  the  many  forms  in  daily 
use  is  the  same,  and  since  the  old  form  is,  in  some  respects, 
simpler  and  easier  of  comprehension,  and  is  also  in  very 
extensive  use  at  the  present  moment,  the  general  arrange- 
ments of  these  boxes  will  first  be  described  and  the  various 
types  related  to  tjiem.  In  the  course  of  time,  the  old  form 
will,  of  course,  gradually  disappear  in  favour  of  the  later 
and  more  compact  type. 

In  very  small  offices  where  there  are  but  two  or  three 
instruments  the  wires  are  directly  connected  to  the  appa- 
ratus. It  is  only  when  through  wires  are  also  led  into  the 
office  for  testing  purposes  that  the  cost  of  a  test  box  is 
warranted  in  such  a  case.  Ordinarily  the  amount  of  testing 
required  upon  these  minor  circuits  is  very  small  indeed, 
whilst  circuit  changes  and  crosses  are  practically  unknown. 
The  number  of  cases  in  which  the  whole  of  the  required 
tests  cannot  be  made  from  the  test  box  at  the  distant  or 
large  office  end  of  the  circuit  is  insignificant. 

The  older  form  of  test  box  consists  of  a  suitable  number 
of  terminal  screws,  mounted  upon  a  vertically  placed  wooden 
base-board,  and  suitably  connected  together  either  by  brass 
links  or  short  straight  pieces  of  thick  copper  wire. 

The  test  box  is  divided  into  two  portions,  firstly,  the  line 
part  dealing  with  the  lines  and  up  and  down  instrument 
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terminals,  and,  secondly,  the  battery  portion,  the  latter 
being  subdivided  at  large  offices  into  main  and  local 
battery  panels. 

Each  circuit  requires  four  terminals,  viz.  line,  up  instru- 
ment, down  instrument,  and  earth.  The  latter  terminal  is 
made  common  to  two  sets,  and  therefore  each  pair  of 
circuits  requires  7  terminals.  (Jenerally  the  up  liies  are 
placed  at  the  top  and  the  down  lines  at  the  bottom,  but,  in 
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Fio.  811.— Tent  box  connections  of  a  doable  current  sounder  circuit. 

large  offices,  this  arrangement  is  sometimes  modified  in 
order  to  economize  space.  A  diagram  of  a  test  box  with 
various  changes  in  the  circuits,  etc.,  is  shown  in  Fig.  312. 
Two  terminal  circuits  are  shown  at  a  and  a,,  the  former 
being  an  up  and  the  latter  a  down  line. 

Upon  the  line  or  terminal  circuit  panel  of  the  test  box 
the  terminals  are  arranged  in  vertical  rows  of  seven.  The 
central  row  is  of  blackened  brass  and  connected  to  earth, 
whilst  the  topmost  and  bottom  terminals  are  respectively 
reserved  for  up  and  down  lines.     The  rem^-ining  terminals 
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serve  for  the  up  and  down  instrument  terminals,  and  each 
vertical  row  of  7  terminals  therefore  accommodates  one  up 
and  one  down  circuit. 

The  batteries  pass  through  the  test  box  in  somewhat 
similar  fashion,  save  that  each  battery  requires  four 
terminals. 

The  connections  of  one  end  of  a  double  current  sounder 
circuit  are  shown  in  full  in  Fig.  311.  The  line,  shown  as 
going  in  the  direction  of  London,  is  an  "  up  "  line,  and  is 
therefore  connected  to  the  topmost  terminal  whilst  the 
apparatus  is  consequently  joined  up  as  a  down  station. 

The  up  and  down  instrument  terminals  are  respectively 
connected  to  CZ-circle  of  the  relay  and  to  the  galvanometer 
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Fio.  812.— Illustrating  varioas  test  box  changes. 

by  two  leads  from  the  test  box  to  the  tables.  Two  brass 
links  respectively  connect  together  the  up  line  and  the  up 
instrument  terminals  and  earth  and  the  down  instrument 
terminals. 

The  arrangement  of  the  batteries  is  sufficiently  obvious, 
but  it  may  be  noted  that  Z  is  always  upon  the  left  and  G 
upon  the  right-hand  terminal  of  the  pair. 

The  arrangement  of  the  circuits  upon  a  large  test  box  is 
a  matter  of  considerable  importance.  In  such  a  case  the 
terminated  and  through  circuits  cannot  conveniently  be 
divided  into  separate  panels,  largely  on  accotmt  of  the  in- 
creased difficulty  which  would  be  experienced  in  tracing 
"  contacts."  The  wires  are  therefore  arranged  in  the  order 
of  the  routes  which  they  follow,  and  above  the  wires  form- 
ing any  particular  route  a  label  is  placed  gi^'ing  its  name. 
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For  instance,  a  route  of  twelve  wires  going  to  "  B  "  via  the 
"F"  canal  would  be  labelled  "JB  via  Y  canal"  to  dis- 
tinguish them  from  a  route  which  may  go  to  "  J5  "  via  a 
road  line.  The  latter  would  perhaps  be  labelled  "  jB  road.'* 
The  actual  names  is  a  matter  for  purely  local  consideration, 
but  the  principle  is  sufficiently  apparent.  The  arrange- 
ment of  the  circuits  in  route  order  also  facilitates  the  rapid 
location  of  the  position  of  any  particular  wire — a  matter  of 
no  small  moment  where  the  number  of  circuits  is  large. 

Arrangement  of  Circuits  and  Test  Box  Changes. 

In  the  subsequent  headed  paragraphs  the  various  changes 
which  may  be  made  at  the  test  box  are  explained  in  detail 
in  reference  to  Fig.  312. 

Terminal  circuits, — This  term  is  applied  to  all  circuits 
upon  which  the  office  in  question  is  either  the  up  or  the 
down  station.  Examples  of  the  normal  connections  of  two 
such  circuits  are  shown  at  a  and  aj.  The  fonner  is  an  up 
and  the  latter  a  down  line,  from  which  it  will  be  obvious 
that  the  a  instrument  must  be  joined  up  as  a  down  and 
the  a^  instrument  as  an  up  station.  Reference  to  the  figure 
shows  that  these  conditions  are  fulfilled  when  the  links  are 
placed  as  shown. 

Intermediate  circuits. — ^In  these  cases  the  office  under 
consideration  is  the  intermediate  station.  An  example  is 
given  at  c  and  Cj,  the  former  being  the  up  and  the  latter 
the  down  side  of  the  circuit.  Tiie  down  instrument  ter- 
minal upon  the  up  side  is  connected  to  the  down  instrument 
terminal  upon  the  down  side  by  means  of  a  connection  at 
the  back  of  the  box.  The  two  links  join  up  the  set  in  the 
correct  direction,  i.e.  up  and  down  instrument  terminals 
to  the  up  and  down  lines  respectively.  This  enables  the 
up  line  and  the  down  line  to  be  placed  with  the  wires 
following  the  same  routes,  but  even  if  this  was  not  essen- 
tial the  same  number  of  terminals  would  still  have  to  be 
employed. 

Through  circuits. — This  term  designates  wires  which  pass 
through  the  test  box  for  testing  purposes  only.  For  ex- 
ample, LV — NT  passes  through  tlic  test  box  at  Manchester, 
and  is  there  called  a  "  through  wire."  An  example  of  the 
way  in  which  such  a  wire  is  joined  up  at  a  large  office  is 
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shown  at  h  and  bj.  The  up  or  Liverpool  side  is  joined  to 
h  and  the  first  instrument  terminal  is  connected  (behind 
the  box)  to  the  down  instrument  terminal  at  \,  to  which 
the  down  or  Newcastle  side  of  the  wire  is  linked.  Li  small 
offices  the  down  side  would  be  connected  to  the  first  instru- 
ment terminal  or  the  circuit  would  be  connected  to  the 
through  panel.  This  course  is  utterly  unsuited  to  the 
needs  of  a  large  office  for  reasons  already  stated  (page  553). 

To  earth  a  wire. — This  expression  means  to  connect  the 
wire  named  to  earth,  and  an  example  is  given  at  d.  The 
up  line  link  is  removed  and  the  connection  made  by  a 
length  of  thin  gutta-percha-covered  wire  as  indicated. 

To  disconnect  a  wire. — This  is  accomplished  by  the 
removal  of  the  link  as  shown  at  h. 

To  loop  two  wires. — The  two  lines  /]  and  g^  are  joined 
together,  or,  to  use  the  more  usual  expression,  are  looped. 
A  request  to  loop  several  wires  means  to  bunch  them 
together,  unless  the  request  specifically  states  that  they  are 
to  be  looped  in  some  particular  way. 

To  reverse. — This  term  signifies  the  reversal  of  the  up 
and  down  line  terminals  of  the  set.  In  the  case  of  special 
arrangements  it  is  often  necessary  to  request  an  office  to 
work  as  a  down  instead  of  an  up  station,  or  vice  vei^sa. 
The  instrument  at  n^  is  normally  joined  to  n^  as  an  up 
station,  and  the  connections  shown  are  required  in  order  to 
reverse  the  set. 

Metallic  circuit. — This  term  is  used  to  designate  a  circuit 
in  which  the  earth  return  is  substituted  by  a  second  wire 
between  the  two  stations.  The  circuit  is  said  to  be 
metallic  because  it  wholly  consists  of  metal,  without  the 
use  of  earth.  Such  circuits  are  fi-equently  formed  during 
the  prevalence  of  earth  currents,  but  this  course  cannot 
be  followed  where  universal  batteries  are  used  {vide 
page  630).  An  example  is  given  at  i^  and  j^  where  the 
up  instrument  terminal  of  the  i^  set  is  connected  to  line 
;\  instead  of  to  earth.  A  similar  connection  is  of  course 
made  at  the  distant  station. 

To  divide  a  wire. — This  expression  signifies  the  termina- 
tion of  a  through  wire  upon  two  sets  of  instruments.  The 
through  wire  shown  at  h  and  lii  is  terminated  upon  the 
instruments  normally  used  to  work  the  circuits  connected 
to  j  and  ji.    Had  it  been  desired  to  come  in   as  an  inter- 
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mediate  station  with  the  set  normally  used  for  the  ji  circuit, 
it  would  only  have  been  necessary  to  remove  the  links  at 
hi  and  between  the  up  instrument  and  earth  terminals  at 
ji  and  then  to  join  ki  as  shown  and  the  up  instrument 
terminal  at  ji  to  fe^  down  instrument  terminal.  The  link 
at  k  would  have  remained  in  its  normal  position. 

To  fork  wires. — The  two  lines  at  e  and  /  are  shown 
forked  to  the  /  instrument,  a  rheostat  being  included  in  the 
/  line  in  order  to  raise  its  resistance  so  that  the  current 
sent  out  shall  divide  equally  between  the  oflSces  connected 
to  e  and  /.  In  this  case  the  signals  sent  out  from  the 
/  instrument  will  be  correctly  received  by  both  e  and  /, 
and  their  signals  will  also  be  correctly  received  upon  the 
/  instrument,  but  the  signals  sent  by  e  would  be  received 
reversed  at  /,  and  /'s  signals  would  be  reversed  at  e.  In 
the  majority  of  cases  this  is  immaterial,  since  the  arrange- 
ment is  usually  made  for  the  signalling  of  press  messages 
to  the  forked  offices.  Where  it  is  essential  that  the  forked 
offices  should  be  able  to  communicate  with  each  other  a 
forked  repeater  is  required. 

In  the  example  shown  both  the  forked  circuits  are  up 
lines,  but  had  one  of  them  been  down  whilst  the  other 
was  up  one  of  the  offices  would  have  had  to  be  requested 
to  reverse  their  instrument  {vide  ni). 

To  join  through. — The  two  lines  at  m  and  mj  are  joined 
through.  In  this  case  these  two  terminal  circuits  are  given 
up  to  form  a  through  circuit.  For  example,  a  Manchester- 
LK)ndon  circuit  might  be  joined  through  to  a  Manchester- 
Newcastle  circuit  in  order  to  form  an  additional  Newcastle- 
London  circuit  during  a  time  of  pressure. 

To  tap  a  circuit. — This  expression  signifies  the  intro- 
duction of  a  second  set  of  apparatus  at  either  of  the 
terminal  offices.  This  may  be  accomplished  as  shown  at 
n  and  o,  where  the  o  instrument  is  placed  in  series  with  n. 
It  may  also  be  done  in  the  manner  shown  at  o^  and  p, 
where  the  p  instrument  is  shown  forked  or  in  leak  with  Oj, 
but  in  this  case  the  marks  will  be  received  reversed  from 
one  of  the  stations.  It  is  advisable  to  introduce  resistance 
with  the  leak  instrument  unless  the  circuit  is  a  very  short 
local  one. 

To  cross  iiistruments  or  circuits. — The  term  denotes  the 
substitution  of  the  first  instrument  or  line  for  the  second 
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instrument  or  line  and  the  substitution  of  the  second  for 
the  first.  For  example,  it  might  be  required  to  work 
Wheatstone  upon  a  circuit  ordinarily  worked  by  key.  A 
Wheatstone  circuit  which  is  being  worked  by  key  and 
upon  which  the  automatic  apparatus  is  not  for  the  time 
being  required  is  substituted  for  the  key-worked  apparatus 
and  the  latter  is  joined  up  to  the  Wheatstone  line.  Such 
a  change  is  shown  at  d^  and  ^j,  but  it  should  be  remembered 
that  the  battery  power  may  need  alteration. 

It  is  frequently  necessary  to  cross  wires  in  the  same  way. 
If  the  cross  shown  at  d^  and  e^  were  made  at  the  distant 
end  of  the  circuits  or  at  some  intermediate  point,  the  d^ 
instrument  would  then  be  working  to  d^  and  e^  instrument 
to  ^i,  but  with  lengths  e^  and  d^  lines  inserted  in  place  of 
the  lengths  or  a  part  of  d^  and  e^  respectively. 

If  a  long  circuit  is  working  badly  owing  to  a  defective 
length  of  line  it  is  frequently  possible  to  substitute  a 
perfect  length  from  a  shorter  circuit  and  replace  the  latter 
by  the  defective  length.  In  many  cases  this  substitution 
does  not  seriously  affect  the  shorter  circuit.  Again,  it  may 
be  possible  to  give  up  the  shorter  circuit  altogether  or, 
perliaps,  one  good  circuit  may  be  made  from  two  defective 
ones.  This  subject  is,  however,  fully  dealt  with  in  Chapter 
XIX,  and  the  foregoing  explanation  will  probably  suffice 
for  the  purposes  of  the  present  subject.  An  example  of  a 
cross  between  a  through  and  a  terminal  circuit  is  shown  at 
i  and  Z. 

In  crossing  instruments  it  is  essential  that  care  should 
be  taken  to  join  up  the  apparatus  correctly  at  the  test  box. 
The  principle  and  reason  for  this  is  sufficiently  dealt 
with  in  Chapter  V.  An  example  is  given  on  the  diagram 
where  in  using  the  apparatus  at  /^  (normally  joined  up  as 
an  up  office)  to  work  the  g  line  (an  up  line)  the  up  line 
terminal  of  thet  instrument  is  joined  to  g  and  the  down 
terminal  is  earthed. 

Test  Box  for  Small  Offices. 

The  form  of  test  box,  which  is  still  in  use  or  is  being 
fitted  at  offices  of  comparatively  small  size,  is  illustrated 
in  Fig.  313.  It  will  be  observed  that  a  separate  panel  is 
provided  for  "  through  "  circuits,  since  it  is  only  necessary 
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to  preserve  the  route  order  of  the  wires  when  the  number 
is  very  large.  For  the  same  reason,  only  two  terminals  are 
required  for  each  through  circuit.  Main  and  local  batteries 
are  grouped  together  upon  the  end  panel,  a  set  of  four 
terminals  being  required  for  each  battery. 

The  number  of  terminal  circuit,  through  circuit,  and 
battery,  panels  is  arranged  to  suit  the  requirements.  The 
box  is  constructed  of  teak,  and  each  panel  is  hinged  upon 
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Fio.  81S.— Airangement  of  test  box  for  a  small  office. 


the  left  in  order  to  afford  access  to  the  wires  at  the  back. 
The  dimensions  of  the  box  shown  in  Fig.  3J^3  is  2'  8"  high 
by  3'  4"  wide.  It  is  fixed  at  a  suitable  height  upon  the 
wall  of  the  instrument  room  and  the  wires  led  to  it  by  a 
casing. 

The  terminals  are  made  with  a  stout  pin  which  projects 
behind  the  box  and  to  which  the  wires  are  soldered.  It  is 
essential  that  resin  shall  be  used  as  the  flux  when  solder- 
ing owing  to  the  corrosive  effect  of  the  various  soldering 
fluids. 
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Battery  Test  Box. 

The  battery  test  box  or  panel  should  need  little  comment, 
in  fact  a  comparison  of  Figs.  311  and  313  should  make  the 
arrangement  sufficiently  obvious. 

To  increase  the  'power, — Remove  the  link  connecting  C 
of  the  battery  to  the  instrument  and  join  the  former  to  the 
Z  of  the  battery  to  be  added.  The  C  terminal  of  this 
battery  is  then  connected  to  the  C  instrument  teiminal. 

To  cro88  two  hatteriea. — All  four  links  are  removed  and 
then  Z  and  C  of  the  first  battery  are  respectively  connected 
to  the  Z  and  C  instrument  terminals  of  the  second  set  of 


Fio.  814.--U-liDk  test  box  line  and  Fio.  815.— U-link  test  box  battery 

instroment  connections.  connections. 

apparatus.     Similarly  Z  and  G  of  the  second  battery  are 
respectively  joined  to  Z  and  G  of  the  first  instrument. 


U-LiNK  Type  of  Test  Box. 

The  U-link  type  of  test  box  was  introduced  shortly  after 
the  transfer  of  the  telephone  trunks  to  the  State.  The  four 
test  holes  needed  for  each  line  circuit  are  arranged  in 
diamond  fashion  as  shown  in  Fig.  314.  The  upper  and 
lower  test  holes  of  the  upper  set  are  joined  to  Une  and 
earth  respectively,  whilst  the  left  and  right  holes  are  con- 
nected to  the  up  and  down  instrument  terminals.  The 
figure  shows  two  down  lines  connected  to  two  instruments 
correctly  linked  to  them.     To  reverse  an  instnmient  it  is 
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merely  necessary  to  reverse  the  positions  of  the  links,  the 
distances  between  L  and  C7,  L  and  D,  L  and  E,  E  and  U 
and  E  and  D  being  equal.  To  earth  a  line,  one  link  is 
removed  and  the  other  placed  between  L  and  E. 

The  battery  test  holes  are  as  shown  in  Fig.  315,  the 
upper  and  lower  holes  being  connected  to  the  battery. 
The  distance  between  these  holes  precludes  the  possibility 
of  short-circuiting  the  battery  by  wrongly  placing  a  U-link 
between  them. 

Switch  Spring  Type  of  Test  Board. 

The  great  advantage  of  the  new  switch  spring  test  board 
is  its  compactness  and  the  fact  that  the  only  connections 
upon  the  face  of  the  board  are  those  employed  to  make 
crosses  or  other  abnormal  arrangements.  This  form  of 
test  board  is,  however,  only  used  at  offices  where  secondary 
cell  working  is  in  vogue. 

With  the  exception  of  sets  of  apparatus  which  are  or  may 
be  employed  for  intermediate  working,  the  earth  connection 
of  every  instrument  is  made  at  the  instrument  table  and  not 
at  the  test  board  as  in  the  old  test  box.  The  advantages 
gained  are  the  saving  in  wire  and  the  reduction  in  the  size 
of  the  test  board  consequent  upon  the  reduction  in  the 
number  of  switch  springs  required.  Since  a  suitable 
number  of  instruments  are  fitted  for  intermediate  working 
and  provided  with  a  reversing  switch  no  difficulty  is 
experienced  upon  account  of  the  inability  to  reverse.  In 
a  case  of  special  and  urgent  need  the  relay  connections 
could  be  reversed  at  the  table  and  the  battery  connections 
altered  at  the  distribution  case  (by  means  of  test  pegs). 

Each  panel  of  the  test  board  accommodates  120  circuits 
and  also  provides  for  the  requisite  number  of  transfer 
circuits,  earthing,  grouping,  morning  test  looping,  and 
intermediate  return,  switch  springs. 

A  sketch  of  the  general  arrangement  of  a  two-panel  test 
board  is  given  in  Fig.  316.  It  accommodates  240  circidts 
and  has  a  total  width  of  but  4'  9''. 

The  120  lines  are  brought  to  each  panel  of  the  test  board 
in  a  127-wire  lead-covered  cable,  the  odd  seven  wires  being 
provided  as  spares.  The  conductors  are  40  lb.  copper 
wires  insulated  with  silk  and  cotton,  the  whole  being 
covered  with  a  seamless  sheathing  of  lead. 
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Upon   the  vertical  board  behind   the  front  apron  are 
placed  twenty-four   20-tag  cross-connection  strips.     Each 


Fig.  810.— Two  panel  switch  spriug  test  board. 

strip  consists  of  a  square  rod  of  ebonite  with  twenty  tinned 
brass  stampings  placed  within  the  slots  prepared  for  their 
reception  and  held  in  place  by  thin  strips  of  ebonite 
screwed  down  upon  them.     The  brass  stampings  project 
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upon  either  side  of  the  ebonite  and  bear  a  small  hole  at 
each  end  through  which  the  two  wires  to  be  connected  are 
passed  and  soldered  upon  the  top. 


GROUPING 
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Fio.' 81 7.— Principle  of  switch  spring  test  board. 

Principle. 
The  principle  and  connections  of  the  apparatus*  and  lines 
to  the  switch  springs  will  b'e  apparent  from  a  consideration 
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of  Fig.  317.  No.  1  line  is  joined  to  the  right-hand  side  of 
the  line  tag,  which  is  connected  through  to  the  opposite  tag 
by  means  of  a  bare  piece  of  tinned  copper  soldered  between 
them.  The  line  then  passes  on  to  the  upper  or  line  switch 
spring,  where  it  is  connected  to  both  long  and  short  springs. 
The  inner  springs  of  the  line  switch  spring  are  joined  to 
the  inner  springs  of  the  instrument  switch  spring,  and  the 
latter*8  outer  springs  are  joined  to  the  right  side  of  the 
instrument  tag.  It  is  there  connected  to  the  left  of  the  tag 
by  a  bare  wire,  and  the  left  end  of  this  tag  is  joined  to  the 
lead  to  the  instrument  table.  By  placing  the  springs  in 
parallel  in  the  manner  indicated  the  risk  of  a  disconnection 
is  greatly  minimized. 

Cross-Conneoting  Facilities. 

In  each  circuit  there  are  two  points  bridged  by  short 
lengths  of  bare  wire,  and  by  removing  them  crosses  and 
changes  may  be  made  without  disturbing  the  line  cable, 
cables  to  the  instrument  tables,  or  the  connections  between 
the  switch  springs  and  the  tags.  To  change  the  permanent 
positions  of  two  instruments  of  similar  type  it  is  only 
necessary  to  remove  the  bare  wire  connections  between  the 
instrument  and  table  cross-connections  and  to  make  the 
cross  with  covered  wire.  Again,  lines  may  be  crossed 
between  the  two  line  cross-connection  strips.  The  wires 
used  to  form  these  cross-connections  are  taken  behind  the 
board,  where  suitable  brass  supports  are  provided  for  their 
reception.  It  will  therefore  be  realized  that  crosses  and 
changes  of  every  description  may  be  made  without  inter- 
fering with  any  connections  other  than  those  between  the 
two  pairs  of  cross-connection  strips.  The  importance  of 
this  provision  in  a  large  office  will  be  obvious  and  its  value 
can  scarcely  be  over-estimated. 

Line  No.  2,  which  was  originally  joined  to  the  apparatus 
connected  to  the  second  instrument  tag,  is  shown  cross- 
connected  on  to  the  apparatus  in  connection  with  tlie 
eighth  tag.  Without  cross-connecting  facilities  it  will  be 
obvious  that  the  lead  from  the  table  would  have  had  to  be 
manipulated  and  probably  lengthened.  In  the  course  of  a 
few  years,  or  less  if  the  changes  were  frequent,  the  cables 
to  the  instrument  tables  woidd  be  scattered  all  over  the 
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box  in  what  would  appear  like  hopeless  confusion,  and 
scarcely  one  of  the  wires  would  be  without  joints. 

Test  Box  Changes  and  Transfer  Circuits. 

For  making  crosses  or  for  connecting  the  testing  or 
other  apparatus  to  the  various  lines  and  instruments  pairs 
of  pegs  and  cords  are  provided.  The  pegs  are  of  brass,  but 
are  provided  with  fibre  covers.  When  a  peg  is  inserted 
into  a  switch  spring  the  outer  springs  are  forced  apart  and 
break  connection  with  their  inner  springs.  If  the  second 
peg  of  the  pair  is  then  thrust  into  a  second  switch  spring 
its  outer  springs  are  connected  together  through  the  cord 
to  the  outer  springs  of  the  first  switch  spring.  As  there 
are  two  switch  springs  for  each  terminal  circuit,  two  lines 
and  instruments  may  be  crossed  by  using  two  pairs  of  pegs 
and  cords. 

The  top  strip  of  20  switch  springs  is  used  for  earthing 
and  grouping  lines  or  instruments.  The  first  six  switch 
springs  are  earthed,  and  thus  any  line  may  be  earthed  by 
pegging  it  to  one  of  these  switch  springs.  Two  sets  of 
respectively  3  and  4  switch  springs  are  connected  as 
indicated  for  grouping  wires  together.  For  example,  if  it 
was  required  to  fork  No.  1  instrument  to  lines  2,  3,  and 
4,  it  would  be  necessai-y  to  plug  No.  1  instrument.  No.  2 
line.  No.  3  line,  and  No.  4  line  on  to  the  first,  second,  third 
and  fourth  switch  springs  of  one  of  the  groups. 

In  order  to  avoid  the  use  of  exceptionally  long  cords  to 
reach  from  one  end  to  the  other  of  a  large  test  box,  a  certain 
number  of  transfer  circuits  is  provided.  Each  panel  has 
20  switch  springs  for  this  purpose,  and  these  are  connected 
in  such  a  way  as  to  provide  a  sufiicient  number  of  circuits 
to  each  panel  of  the  board.  A  connection  between  two 
switch  springs  at  opposite  ends  of  the  board  is  effected  by 
means  of  two  pairs  of  ordinary  cords,  one  end  of  each  pair 
being  placed  in  the  switch  spring  at  either  end  connected 
to  the  transfer  circuit  used. 


Special  Intermediate  Sets. 

Line  No.  3  is  shown  connected  to  an  instrument  fitted  for 
intermediate  working.     In  order  to  confine   the  attention 
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to  the  principles  involved  the  detailed  apparatus  connec- 
tions have  not  been  sketched.  The  line  normally  connected 
to  the  set  passes  through  the  line  and  instrument  switch 
springs  to  the  galvanometer  in  the  ordinary  way,  but  C7- 
circle  of  the  relay  and  the  end  of  the  adjusting  resistance 
are  taken  to  a  special  switch  spring  upon  the  "  intermediate 
returns"  strip.  Under  normal  conditions  U-circle  of  the 
relay  is  earthed  through  the  inner  spring  whilst  the  adjust- 
ing resistance  lead  is  disconnected.  It  will  therefore  be 
seen  that  No.  3  instrument  normally  works  as  a  terminal 
station.  When  it  is  required,  for  special  work,  as  an 
intermediate  set,  the  longer  line  is  connected  to  the 
instrument  and  the  shorter  one  to  the  intermediate  return 
switch  spring,  the  changes  being  made  by  two  pairs  of 
pegs  and  cords.  By  inserting  one  peg  in  the  long  line  to 
be  used  and  the  other  in  the  instrument  switch  spring,  the 
long  line's  instrument  is  disconnected  from  the  long  line, 
the  line  normally  connected  to  the  intermediate  apparatus 
is  disconnected,  and  the  long  line  joined  to  the  galvano- 
meter of  the  intermediate  set.  The  short  line  is  plugged 
through  to  the  intermediate  return  switch  spring  which 
disconnects  earth  from  C7-circle  and,  since  the  plug  is 
solid,  connects  C7-circle  and  the  adjusting  resistance  to  the 
short  line.  The  full  connections  of  the  apparatus  were 
given  in  Fig.  287,  which  may  now  profitably  be  considered 
in  relation  to  the  foregoing  paragraph. 

Looping  Strip. 

Lines  No.  4  and  5  are  also  shown  passing  through  a 
switch  spring  upon  the  looping  strip.  No.  4  line  passes 
through  the  long  spring  and  its  inner  spring  back  to  the 
left-hand  line  tag,  and  so  on  to  its  line  and  instrument 
switch  springs.  No.  5  line  similarly  passes  through  the 
short  and  its  inner  spring.  When  an  unconnected  peg 
is  inserted  in  the  looping  switch  spring,  lines  4  and  5  are 
looped  through  the  peg.  This  provides  a  simple  means  of 
looping  all  those  circuits  which  have  to  be  looped  each 
morning  for  testing  purposes.  In  some  cases  the  number 
is  very  considerable,  and  the  tangle  of  cords  upon  the  front 
of  the  box  which  would  otherwise  result  is  entirely  avoided. 
Moreover,  the  circuits  may  be  arranged  upon  the  looping 
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strip  in  the  order  of  the  times  at  which  they  are  to  be 
looped. 

A  test-hole  tablet  and  a  differential  galvanometer,  fixed 
upon  a  turntable,  are  mounted  upon  the  vertical  rail  between 
the  two  panels.  These  testing  arrangements  will,  however, 
receive  further  consideration  in  Chapter  XX. 


PART  II.    LIGHTNING  PROTECTORS. 

Theory  of  Lightning  Protectors. 

In  the  event  of  lightning  striking  a  telegraph  wire, 
serious  damage  to  the  apparatus  employed  would  result 
if  steps  were  not  taken  to  provide  against  its  passage 
through  the  instruments.  Every  set  of  apparatus  is 
provided  with  a  lightning  protector,  which  consists  essenti- 
ally of  a  small  spark  gap  between  line  and  earth.  Before 
describing  any  of  the  forms  given  to  the  apparatus  in 
practice,  it  is  essential  that  the  theory  of  its  action  should 
be  clearly  comprehended. 

A  lightning  discharge  differs  from  an  ordinary  telegraphic 
current  in  two  particulars,  viz.  its  potential  and  the  sudden- 
ness with  which  it  occurs.  A  spark  is  produced  when  the 
electric  strain  upon  the  dielectric  (air)  reaches  such  a  value 
that  the  air  breaks  down.  The  potential  of  a  telegraphic 
current  is  veiy  seldom  more  than  about  200  volts,  and  this 
is  insufficient  to  cause  a  spark  of  even  the  most  minute 
dimensions.  The  currents  are  also  comparatively  slow  in 
their  occurrence,  i.  e.  slow  in  comparison  with  lightning. 
Protection  which  would  amply  suffice  for  slow,  heavy 
currents  would  be  quite  useless  in  the  case  of  lightning. 
In  order  to  make  the  distinction  clear,  the  following 
analogies  relating  to  mechanical  inertia  may  prove  of 
value.  Let  a  quantity  of  gun-cotton  be  placed  upon  a 
slab  of  stone  in  the  open  air.  Ignited  with  a  match, 
notliing  beyond  a  "  fizz "  will  take  place,  but  if  fired 
with  enoi-mous  rapidity  by  means  of  a  detonator,  the  stone 
will  be  blown  to  fragments.  The  explanation  is  that,  in 
the  second  case,  the  air  above  the  gun-cotton,  possessing 
inertia,   will    not    move    instantaneously    with    sufficient 


THE  TEST  BOX  AND  PROTECTIVE  DEVICES    567 

rapidity.  The  inertia  resistance  of  the  air  is  in  this  case 
clearly  enormous,  and  it  finds  a  parallel  in  the  inertia 
resistance  of  the  electromagnet  to  a  lightning  discharge. 
Yet  another  example  of  a  similar  phenomenon  is  the  fact 
that  a  loose  plug  of  snow  in  the  end  of  a  rifle  is  sufficient 
to  cause  it  to  burst  when  fired. 

It  has  previously  been  pointed  out  that  an  electromagnet 
possesses  a  considerable  self-inductance,  and  that  the  effect 
of  this  is  to  delay  the  rise  of  the  current  through  it.  The 
magnetic  field,  which  is  produced  by  a  current,  in  springing 
into  existence,  cuts  through  the  windings,  and  therefore 
generates  an  opposing  E.M.F.  termed  the  back  E.M.F.  of 
self-induction.  This  effect  may  correctly  be  regarded  as 
electro-magnetic  "  inertia  resistance."  The  resistance  which 
would  give  an  equivalent  current  when  the  E.M.F.  in 
question  was  steadily  applied  to  it  is  termed  the  "  imped- 
ance." This  quantity  depends  upon  the  rate  at  which  the 
current  rises,  and  means  an  equivalent  resistance  to  that 
which  woidd  produce  the  value  of  current  given  by  Ohm's 
law. 

The  equivalent  resistance  or  impedance  offered  by  the 
apparatus  to  a  lightning  discharge  is  enormous,  and  as 
the  discharge  is  of  sufficiently  high  potential,  it  breaks 
down  the  insulation  of  the  air,  and  escapes  to  earth  by 
the  path  of  lesser  resistance. 

Reel  Protector. 

One  of  the  earliest  forms,  known  as  the  "reel  protector,'* 
consists  of  a  single  layer  of  fine  silk-covered  copper  wire 
wound  upon  a  brass  tube  connected  to  earth.  The  working 
currents  pass  through  the  insulated  wire,  whilst  lightning 
discharges  pass  from  the  wire  to  the  earth-connected  tube. 
This  device  is  still  in  use  upon  submarine  cable  circuits, 
but  only  as  an  auxiliary. 

"A"  AND  "B"  Protectors. 

The  "A"  form  of  protector  (Fig.  318)  consists  of  two 
circular  brass  plates,  separated  by  a  mica  disc  bearing 
three  radial  holes.  The  binding  screw,  which  clamps  the 
plates  together,  is  furnished  with  an  insulating  bush  of 
ebonite,  so  shaped  as  to  prevent  the  screw  from  making 
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contact  with  the  upper  plate.  The  lioe  wire  is  placed 
between  the  plate  and  the  projecting  collar  of  the  bush, 
80  that  it  may  make  contact  with  the  top  plate  whilst  being 
insulated  from  the  screw.  The  lower  plate  is  connected 
to  a  separate  terminal,  w^hich  is  earthed.  The  plates  are 
tinned  upon  their  inner  faces,  and  the  remaining  parts 
lacquered. 


Fid.  818.— "A"  form  of  lightning  protec tor. 

At  intermediate  offices  the  "  B  "  protector,  which  consists 
of  three  plates,  separated  by  two  similar  mica  discs,  is  still 
in  extensive  use.     The  central  plate  is  earthed,  whilst  the 


Fio.  819.—"  C  "  type  of  lightning  protector. 

upper  and  lower  ones  are  respectively  connected  to  the 
up  and  down  lines. 

The  protector  shown  upon  the  right  of  Fig.  318  consists 
of  two  **  A  "  protectors,  placed  side  by  side,  and  is  used  for 
protecting  two  separate  circuits. 

"C"  Protector. 

The  "  C "  protector,  two  of  which  are  sho^\^l  mounted 
upon  one  base  in  Fig.  319,  is  similar  to  tlie  '*  A  *'  form,  but 
with  carbon  plates  of  somewhat  smaller  diameter  substituted 
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for  the  brass.  The  lower  carbon  plate  is  mounted  upon  a 
tinned  brass  holder,  which  is  fitted  with  a  screw  for  attach- 
ment to  the  terminal  block.  The  other  plate  is  held  in 
position  by  means  of  a  clamping  spring  screwed  down  to 
an  earth-connected  brass  bar.  In  order  to  greatly  increase 
the  length  of  the  surface,  over  which  a  leakage  current 
would  have  to  travel  on  its  way  from  plate  to  plate,  the 
triple  mica  disc  was  designed.  It  consists  of  three  discs 
placed  one  over  the  other  and  cemented  together.  The 
two  outer  discs  have  a  central  hole  of  larger  diameter 
than  that  of  the  middle  disc,  consequently  the  portion 
projecting  beyond  the  upper  and  lower  discs  is  not  in 
contact  with  the  carbon  plates.  Some  difficidty  was,  how- 
ever, experienced  owing  to  carbon  dust,  abraded  from  the 
edge  of  the  central  hole  in  the  plate  by  the  clamping 
screw,  falling  between  the  plates  and  so  establishing  a 
connection  between  them.  It  has,  however,  been  overcome 
by  reverting  to  the  use  of  a  mica  disc  with  three  radial 
holes,  but  with  these  holes  recessed  from  the  solid  mica. 
In  this  way  the  length  of  the  leakage  surface  intervening 
between  the  plates  has  been  made  equal  to  that  of  the 
triple  form,  whilst  obviating  the  difficulty  referred  to. 

The  latest  type  of  "  C  '*  protector  is  mounted  upon  a 
stabilit  base,  and  is  furnished  with  a  sheet-iron  cover  so  as 
to  avoid  all  risks  due  to  fire  caused  by  lightning  discharges. 
Where  from  one  to  six  lines  are  to  be  protected,  the  "  C  " 
form  is  employed,  but  above  this  nimiber  the  smaller  and 
more  compact  "D"  type  is  used. 

"D"  Protector. 

The  "  D  "  protector,  to  be  seen  in  Figs.  327,  332,  and  333, 
consists  of  two  oblong  plates  of  carbon,  about  one  inch 
lon^  and  half  an  inch  wide,  separated  by  a  mica  plate  of 
similar  size,  but  with  a  rectangular  portion  cut  away  at 
one  side  to  provide  an  air  gap  from  plate  to  plate.  The 
latest  form  of  mica  is  oblong  and  bears  three  small  circular 
holes.  The  lower  blocks  rest  upon  a  tinned  brass  earth 
plate,  whilst  the  upper  plates  are  held  on  to  the  mica  discs 
and  lower  plates  by  the  springs  which  form  the  line  con- 
nections. In  some  cases  the  upper  plate  has  a  small  hole 
filled  with  metal  which  will  fuse,  and  so  put  the  two  plates 
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into  contact  when  a  discharge  takes  place.  This  secures 
the  apparatus  against  damage,  and  also  blows  the  fuse 
placed  in  the  direct  circuit  {vide  page  579). 

Vacuum  Protector. 

The  vacuum  protector  is  most  efficient,  but  suffers  from 
two  defects.  It  is  entirely  destroyed  when  a  discharge  has 
passed  through  it,  and  it  requires  periodical  testing  to 
determine  its  efficiency.  It  consists  (Fig.  320)  of  a  her- 
metically-sealed glass  tube  from  which  nearly  all  the  air 
has  been  exhausted  containing  two  electrodes  separated  by 
a  short  gap.  The  creation  of  a  low  vacuum 
renders  the  difference  of  potential  necessary 
to  break  down  the  medium  between  the 
points  far  less  than  would  be  necessary  in 
an  ordinary  atmosphere.  The  protector  is 
therefore  far  more  efficient  than  any  of  the 
types  previously  described,  but  as  this 
«.     ««    „  efficiency  depends  upon  its  vacuum  beinxr 

Pia  320.— Vacuum  .     .    •  "^   j     ^  .if    x      x     *   -x  J*x- 

lightning  protector,  mamtained,  a  monthly  test  of  its  condition 
is  necessary.  In  order  to  effect  this,  a 
small  induction  coil  is  connected  to  the  protector  and  a 
violet  glow  will  be  seen  to  fill  the  tube  if  it  is  in  perfect 
order. 

The  vacuum  protector  is  employed  chiefly  upon  cable 
and  underground  circuits  to  which  an  open  line  is,  or  may 
be,  connected.  The  "  C  "  pi-otector  is  frequently  used  in  the 
pole  test  boxes  at  tlie  junctions  of  open  and  underground 
lines,  but  it  is  not  entirely  satisfactory  on  account  of  the 
reduction  of  its  insulation  which  occurs  when  there  is 
the  least  dampness. 

Tablet  Protector. 

The  "tablet  protector"  is  used  upon  all  Post  Office 
submarine  cable  circuits  at  the  junctions  of  the  cables  and 
the  open  or  underground  lines.  The  device  practically 
comprises  a  plate  protector,  a  fuse,  an  inductive  coil  and  a 
reel  protector.  The  fuse  is  of  the  ordinary  glass  tube  type, 
and  is  supplemented  by  a  coil  of  fine  platinum  silver  wire 
wound  upon  a  metallic  bobbin  connected  to  earth.  This 
coil  (Fig.  321)  acts  as  a  reel  protector,  but  an  even  more 
important  function  is  to  provide  an  inductive  resistance 
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immediately  before  the  catle.     The  plate  protector  itself 

consists  of  two  large  oblong  brass  plates  separated  by  a 

large  mica  disc  with  suitable  holes  to  provide  air  gaps. 

The  land  line  is  connected  to  the  fuse  and  the  cable  to 


FiQ.  321.— Bobbin  of  "  tablet "  protector. 


one  end  of  the  bobbin,  whilst  the  jimction  of  the  fuse  and 
bobbin  is  teed  to  the  protector. 

The  arrangement  is  a  most  efficient  one,  but  is,  of  course, 
more  costly  than  any  other  types  described. 


[H  f  If  1 

i  M  i  M  i  ^ 


Fio.  822.— Principle  of  Lodge's  lightning  protector. 

Protectors  of  Saunders  and  Lodge. 

By  way  of  conclusion  to  the  descriptions  of  lightning 
protectors  it  will  be  interesting  to  consider  two  other  types, 
viz.  those  of  Saunders  and  Lodge.  The  former  is  in  use 
upon  many  submarine  cable  circuits  and  consists  of  about 
18  inches  of  fine  platinum  wire,  kept  stretched  by  a  spring. 
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along  the  axis  of  an  earthed  copper  tube.  The  effect  of  a 
lightning  discharge  is  to  fuse  the  wire  and  so  to  break  the 
circuit. 

A  view  and  the  actual  connections  of  one  of  Lodge's 
protectors  are  shown  in  Figs.  322  and  323.  The  instru- 
ment to  be  protected  is  connected  between  G  and  D,  whilst 
the  line  and  earth  are  joined  to  A  and  B.     Each  coil  of 


Pio.  823.— View  of  Lodge's  lightuiog  protector. 

wire  is  wound  upon  a  groove  in  the  ebonite  pillars  and 
the  spark  gaps  are  made  by  approaching  stout  brass 
rods.  When  a  heavy  lightning  discharge  enters  by  the 
line,  the  major  portion  passes  across  the  first  gap  while 
the  remaining  portions  are  filtered  through  the  other 
gaps.  The  self-induction  of  the  coils  plays  a  vitally  im- 
portant part  in  choking  back  the  discharge.  Since  the 
coils  are  wound  upon  a  non-metallic  pillar,  there  is  no 
possibility  of  tlie  lightning  discharge  escaping  other  than 
through  the  air  gaps ;   moreover  for  such  discharges  the 
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impedance  of  coils  so  wound  is  far  higher  than  with  an 
iron  core.  The  two  final  gaps  are  provided  with  screw 
adjustments  so  that  the  distance  may  be  reduced  to  a 
minimum.^ 

In  another  form  the  Ijodge  and  Saunders  protectors  are 
combined,  and  this  appears,  from  a  theoretical  point  of 
view,  to  be  an  ideal  combination.  The  Lodge  device  abso- 
lutely secures  against  high  potential,  while  the  Saunders 
device  ensures  that  the  current  shall  not  rise  to  danger- 
point. 

Position  of  Protector  and  Formation  of  an  Inductance 

Spiral. 

The  latest  practice  is  to  place  the  protectors  as  near  as 
possible  to  the  point  at  which  the  wires  enter  the  telegraph 
office.  The  earth  connection  from  the  protectors  when 
there  are  more  than  six  is  made  with  a  seven-eighteens, 
and  when  there  are  six  or  less  with  three-eighteens,  bare 
stranded  copper  conductor,  and  the  route  followed  by  it 
on  its  way  to  earth  is  made  as  short  and  straight  as  pos- 
sible, all  sharp  turns  and  bends  being  avoided  to  the 
uttermost  extent.  The  wire  should  also  be  kept  away 
from  gas-pipes,  and  more  especially  when  of  lead,  in 
order  that  the  risk  of  "  side-flashing  "  may  be  minimized. 
It  will  be  obvious  that  a  lightning  discharge  jumping 
from  the  earth  wire  to  a  leaden  gas-pipe  might  readily 
produce  a  serious  conflagration.  Under  no  circumstances 
should  internal  gas-pipes  be  near  or  be  connected  to  the 
earth  wire,  and  a  connection  between  the  service  pipe  on 
the  street  side  is  usually  inadvisable.  The  street  water- 
mains  provide  an  excellent  earth  connection  and  are 
frequently  used  for  this  purpose  (see  page  1G4). 

The  lead  from  outside  is  first  taken  straight  to  the  pro- 
tector and  a  spiral  of  about  10  turns  of  wire  with  a  diameter 
of  about  ^  to  I  of  an  inch  is  formed  in  the  lead  to  the  in- 
strument at  the  jpoint  at  which  it  leaves  the  protector.  The 
behaviour  of  this  spiral  resembles  that  of  the  coils  of  the 

*  The  full  description  of  the  experiments  and  tests  which  led  to  the 
design  of  the  Lodge  protector  and  the  discussion  upon  the  merits  of  the 
▼arious  forms  is  to  be  found  in  the  Journal  of  the  Institution  of  Electrical 
Engineers,  vol.  zix,  page 346 etseq, :  ''On  Lightning  Quards for  Telegraph 
Purposes,"  by  0.  J.  Lodge. 
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Lodge  protector,  and  since  a  spark  of  one  millimetre  length 
means  fliat  the  E.M.F.  acting  is  3000  volts,  the  importance 
of  efficient  protection  can  hardly  be  over-estimated.  It  has 
been  pointed  out  how  great  a  resistance  a  relay  or  other 
telegraph  instrument  offers  to  a  lightning  discharge,  but 
the  statement  needs  to  be  qualified,  since  such  a  discharge 
jumps  across  the  winding,  and  so  avoids  the  self-induction. 
The  small  inductive  spiral  offers  a  very  high  resistance  to 
an  impulsive  discharge,  and  there  is  no  doubt  that  the 
addition  is  of  the  utmost  importance  in  increasing  the 
efficiency  of  the  protection  afforded. 

The  iron  cases  of  the  protectors  should  be  earth-connected, 
so  that  lightning  discharges  side-flashing  to  them  may  be 
safely  carried  away.  Similar  remarks  apply  to  the  iron- 
work of  test  and  cross-connection  frames,  and  to  the  cable 
connection  boxes  described  later,  and,  indeed,  to  iron 
troughings  and  the  sheaths  of  lead  cables. 

It  may  perhaps  be  remarked  that  the  connection  of  the 
line  wire  to  the  protector  by  joining  the  line  to  the  instru- 
ment and  then  continuing  it  onwards  to  the  protector  is 
little  better  than  omitting  the  protector  entirely.  If,  in 
addition,  the  line  wire  is  coiled  spirally  where  it  is  con- 
nected to  the  protector,  the  inefficiency  of  the  arrangement 
can  scarcely  be  increased ! 

PART  III.    PROTECTION  FROM  POWER  CIRCUITS. 

With  the  advent  of  electric  tramways,  worked  from  over- 
head conductors,  there  arose  the  necessity,  firstly,  for  reduc- 
ing the  possibility  of  contacts  between  telegraph  and 
telephone  and  power  wires  to  a  minimimi ;  and  secondly, 
to  guard  against  damage  to  the  apparatus  and  to  avoid  the 
risk  of  fire  should  such  a  contact  occur.  The  first  con- 
dition has  been  met  by  the  provision  of  "guard  wires** 
above  the  power  circuits,  and  the  second  by  the  use  of 
fuses  and  "  heat  coils  "  upon  the  telephone  and  telegraph 
circuits  within  the  area  in  which  the  trams  are  in  use. 

Guard  Wires. 

Where  there  is  a  single  trolley  wire,  above  which  a  route 
of  telegraph  wires  cross  it,  two  wires,  usually  of  No.  8 
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galvanized  iron  or  seven  strands  of  No.  16  wire,  are  erected 
at  least  24  inches  above  the  trolley  wire.  The  two  guard 
wires  overlap  the  centre  of  the  trolley  wire  by  8  inches 
upon  either  side,  and  both  are  efficiently  earthed  by  con- 
necting them  vt&  the  support  to  earth  by  means  of  a 
copper  wire. 

The  ideal  arrangement  consists  in  connecting  the  poles 
to  the  rails  with  copper  bonds  in  just  the  same  way  that 
the  various  lengths  of  rail  are  bonded  together  to  form  the 
return  conductor  for  the  tramway  currents.  Where  the 
guard  wires  exceed  200  yards  in  length,  at  least  one  earth 
connection  per  200  yards  should  be  made  to  the  wires. 
The  supports  for  the  guard  wires  should  be  rigid,  and  at 
every  support  each  guard  wire  should  be  securely  bound 
in,  or  terminated. 

The  number  of  guard  wires  erected  is  in  accordance 
with  the  gauge  of  the  wires  crossing,  and  the  number  of, 
and  distances  between,  the  parallel  trolley  wires.  For 
instance,  each  trolley  wire  requires  two  guard  wires  when 
the  distance  between  them  is  over  four  feet,  whilst  for  a 
distance  of  from  16  to  48  inches  three  guard  wires  are 
used.* 

The  guard  wires  serve  to  prevent  a  broken  telegraph 
line  from  falling  directly  on  to  the  trolley  wire.  Where 
the  wire  happens  to  curl  over  and  so  to  make  contact  with 
the  trolley  wire,  it  is  also  in  contact  with  the  earthed 
guard  wire.  Usually  the  current  flowing  to  earth  through 
the  wire  which  forms  the  contact  is  sufficient  to  bum  it 
up,  or,  with  heavy  gauge  wires,  is  sufficient  to  blow  the 
tramway  section  fuse.  Another  serious  danger  which  the 
guard  wires  obviate  is  that  a  fallen  telegraph  wire  in  con- 
tact with  the  trolley  wire  would,  of  course,  give  electric 
shocks  to  any  one  who,  without  the  aid  of  india-rubber 
gloves,  was  unwise  enough  to  touch  it.  It  may  be  said 
that  efficiently  maintained  guard  wires  very  greatly  reduce 
the  risks  due  to  falling  telegraph  wires,  but  it  must  not 
be  overlooked  that  the  breakage  of  telegraph  wires  is  a 
comparatively  rare  occurrence,  especially  when  the  wires 
are  terminated  upon  either  side  of  the  crossing. 

*  The  full  text  of  tbeq^  regulations  is  giYen  in  the  Electrician  of 
February  20,  1903, 
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Use  of  India-rubber  Gloves. 
Whilst  men  are  working  upon  wires  in  the  vicinity  of  a 
point  at  which  they  cross  the  trolley  wires,  india-rubber 
gloves  are  invariably  employed  to  guard  against  shocks. 
There  is  not  only  the  danger  of  the  shock  itself,  which  is 
seldom  fatal,  but  the  risk  that  the  man  may  be  startled, 
and  so  fall  from  the  pole.  This  could  not,  however,  occur 
if  the  man  was  wearing  a  leather  "  safety  belt." 

Protection  applied  to  Telegraph  and  Telephone 
Circuits. 

Having  described  the  guard  wire  arrangements  which 
are  applied  to  the  power  circuits,  it  is  now  necessary  to 
consider  the  protective  devices  added  to  the  telegraph  and 


Fia.  824.— Glass'tube  fuse. 


telephone  circuits  within  the  affected  area.  Supposing 
that  a  contact  between  a  power  circuit  and  a  telegraph 
wire  occurs,  the  effect  of  these  devices  is  (1)  to  protect. the 
apparatus  from  damage,  and  (2)  to  prevent  lines  passing 
through  the  affected  area  from  continued  contact  with  the 
power  wires.  The  first  condition  is  fulfilled  by  the  pro- 
vision of  a  heat  coil  upon  the  line  side  of  the  apparatus, 
and  the  second  by  the  use  of  fuses. 

Glass-tube  Fuse. 

The  glass-tube  fuses  (Fig.  324)  employed  consist  of  a 
thin  platinum  wire  5  mils  in  diameter,  contained  within  a 
glass  tube  two  inches  long.  The  ends  of  this  tube  are 
closed  by  two  tinned  brass  caps  cemented  with  shellac. 
The  fuse  wire  is  passed  through  two  central  holes  in  the 
caps  and  soldered,  the  function  of  the  other  holes  being 
merely  to  allow  for  the  expansion  of  the  air  which  results 
when  the  fuse  is  "blown."  The  brass  caps  form  the 
terminal  connections,  and,  as  will  be  seen  later,  suitable 
clips  are  provided  for  holding  and  connecting  the  fuse. 
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Heat  Coils. 

It  is  impracticable,  owing  to  the  exceptionally  small 
gauge  of  wire  needed,  to  provide  a  fuse  which  will  be 
blown  by  a  current  much  less  than  one  ampere.  Now,  a 
current  of  far  less  than  this  amount,  flowing  through  a 
relay  or  other  telegraph  instrument,  would  produce  very 
serious  damage,  and  it  is  quite  possible  that  a  fire  might 
even  be  originated  in  this  way.  The  heat  generated  by  a 
current  in  a  conductor  or  system  of  conductors  is  propor- 
tional to  the  square  of  the  current,  to  the  resistance  of  the 
conductors,  and  to  the  time  during  which  the  current  is 
flowing.  The  temperature  of  the  conductors  depends  upon 
difference  between  the  rate  at  which  heat  is  generated  by  the 
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Fig.  386.—"  A  "  form  of  heat  coil  drawn  to  Fio.  82G.— Heat  coll  (fall  size), 

about  twice  its  flill  size. 

current,  and  the  rate  at  which  the  heat  is  radiated.  When 
the  conductors  are  in  a  comparatively  confined  space,  the 
temperature  may  rise  sufficiently  to  produce  disastrous 
results. 

The  "A"  type  of  heat  coil  "strikes"  when  a  current 
of  250  m.a.  flows  through  it  for  a  period  of  30  seconds. 
Currents  smaller  than  250  m.a.  may  pass  for  an  indefinite 
time,  whilst  a  larger  current  operates  the  coil  more  quickly. 
A  section  of  a  heat  coil  side  by  side  with  a  view  of  its 
appearance  are  given  in  Figs.  325  and  326.  A  coil  of  fine 
wire  is  wound  upon  a  small  brass  bobbin  with  fibre  cheeks. 
One  end  of  the  coil  is  soldered  to  the  bobbin,  whilst  the 
other  end  passes  through  to  the  grooved  metal  washer, 
which  is  carried  by,  but  insulated  from,  the  screwed 
extension  of  the  bobbin.  The  left  end  of  the  bobbin  is 
bored  so  as  to  receive  the  pin,  which  is  secured  in  its 
position  by  a   special  type  of  solder  having  a  very  low 

pp 
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fusing  point.  When  a  current  of  250  m.a.  passes  for  30 
seconds  the  heat  generated  is  sufficient  to  melt  the  solder, 
and  the  pin  is  then  pulled  out  by  the  action  of  a  spring 
and  the  circuit  disconnected.  The  resistance  of  the  coil 
is  about  25".  A  recent  improvement  in  design  has  been 
effected,  and  a  heat  coil  which  strikes  at  250  m.a.,  but 
having  a  resistance  of  only  15",  has  been  introduced.  It 
may  be  distinguished  from  the  25"  coil  by  its  blue-coloured 


case. 


The  heat  coil  already  described  strikes  with  250  m.a.  in 
30  seconds,  and  it  has  been  found  that,  upon  high  speed 
Wheatstone  circuits  of  considerable  capacity,  these  coils 
are  operated  by  the  working  currents.  In  order  to  avoid 
this  trouble  heat  coils  with  a  striking  point  of  500  m.a.  in 


Fia.  827.— €k>mbined  protector  beat  coil  and 
fuse  fitting  for  six  lines. 


Fio.  S2S.— Metal  cover. 


30  seconds  are  employed  upon  such  circuits.  These  two 
types  of  heat  coil  "  A  "  are  distinguished  by  the  colour  of 
the  case,  which  is  red  for  500  m.a.,  and  black  or  blue  for 
250  m.a.  coils. 

There  is  another  form  of  heat  coil,  occasionally  used 
upon  test  frames,  which  is  known  as  the  "  B  "  type.  It 
differs  from  the  "A"  form  in  that  the  heating  of  the 
fusible  alloy  causes  the  coil  itself  to  slip  down  the  project- 
ing pin,  upon  which  it  is  soldered,  into  the  interior  of  the 
cover.  The  spring  consequently  presses  the  pin  forward 
sufficiently  to  bring  about  the  earthing  of  the  line.  The 
resistance  of  the  coil  is  30"  with  a  striking  point  of  250 
m.a.,  and  3*8"  with  a  striking  point  of  500  m.a.,  the  latter 
form  being  very  extensively  used  in  connection  with  the 
Common  Battery  telephone  system. 


THE  TEST  BOX  AND  PROTECTIVE  DEVICES    579 

Combined  Pkoteotor,  Heat  Coil  and  Fuse  Fitting. 

Where  the  mimber  of  circuits  to  be  protected  is  very 
small,  such  as  at  sub  and  other  minor  offices,  the  heat  coil, 
protector,  and  fuse,  are  mounted  together  upon  one  base. 
Such  a  fitting,  suitable  for  six  lines,  is  shown  in  Fig.  327. 
The  base  is  of  porcelain  and  the  cover  (Fig.  328)  of  tin, 
lined  upon  the  interior  with  fire-proof  material.  The  pro- 
tectors are  of  the  **D"  type  and  fuses  of  the  glass-tube 
pattern,  already  described,  are  employed.  The  heads  of 
the  heat-coil  pins  are  placed  within  the  slots  of  the  two 
brass  springs  which  exert  an  outward  pull  upon  the  pins. 

The  general  arrangement  of  a  fuse,  protector,  and  heat 


Fig.  S29.— Principle  and  arrangement  of  combined  fitting. 

coil,  is  indicated  in  Fig.  329,  from  which  it  will  be  observed 
that  the  line  wire  is  connected  to  the  fuse,  and  that  the 
protector  is  placed  at  the  junction  of  the  heat  coil  and  the 
fuse.  In  the  later  forms  of  the  apparatus  a  second  spring, 
held  away  from  an  earthed  contact  point  by  the  spring 
operating  the  heat  coil,  is  added.  A  current  of  250  m.a., 
whilst  leaving  the  fuse  intact,  operates  the  heat  coil,  so 
disconnecting  the  instrument  and  earthing  the  right-hand 
side  of  the  fuse.  Usually,  the  reduction  in  the  resistance 
of  the  circuit  increases  the  current  sufficiently  to  blow  the 
fuse  and  disconnect  the  line. 

The  fuse  is  also  of  service  in  the  case  of  lightning  dis- 
charges, since  the  current  passing  through  the  fuse  and 
protector  to  earth  disconnects  the  circuit.  In  this  way 
the  risk  of  a  fire  originated  by  a  series  of  large  discharges 
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through  the  protectors  is  greatly  minimized.  As  a  matter 
of  fact,  fuses  are  the  only  means  adopted  to  prevent  lightning 
discharges  from  causing  damage  to  the  7-pair  distribution 
cables  used  in  connection  with  the  London  telephone  system. 

Principles  Governing  the  Fitting  of  Heat  Coils  and 

Fuses. 
Where  a  route  of  through  wires  traverses  a  power  area, 


Fia.  831.— Section 
of  fuse  cover  show* 
ing  the  screir. 


Fio.  880.— Fuse  insulator. 

fuses  are  inserted  at  the  boundaries,  whilst  the  offices 
upon  each  wire  are  protected  bv  heat  coils.  These  fuses 
are  fixed  upon  specially  designed  fuse  insulatora  (Figs.  330 
and  331).  The  insulator  is  of  the  same  general  pattern  as 
the  P.O.  terminal  type,  but  with  a  porcelain  cap  to  cover 
the  top  in  which  a  suitable  groove  is  left.  The  fuses  are 
provided  with  wire  extensions  which  are  soldered  to  the 
two  sides  of  tlie  line  wire  terminated  in  the  upper  and 
lower  grooves  of  the  insuhitor.  A  later  type  has  recently 
been  introduced,  having  a  black  ambroin  cover  and  fitted 
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with  fuse  clips,  so  as  to  facilitate  the  replacement  of  blown 
fuses  by  avoiding  the  necessity  for  soldering. 

When  a  contact  with  a  power  wire  occurs,  the  heat  coil 
at  the  oflSce  is  operated,  and  the  earthing  of  the  circuit 
blows  the  fuse  at  the  boundaiy  of  the  area,  and  so  prevents 
the  length  of  wire  between  that  point  and  the  office  from 
remaining  "live." 

The  positions  of  the  fuses  are  governed  by  the  following 
i-ules,  which  may  readily  be  deduced  from  the  general 
principles  already  stated. 

(1)  In  the  case  of  a  single  crossing  a  fuse  is  fixed  at  any 
convenient  point  upon  either  side  of  the  crossing. 

(2)  In  a  power  area  one  fuse  is  fixed  at  the  office  (or  at 
the  junction  with  the  underground)  and  one  just  beyond  the 
boundary  of  the  area. 

(3)  A  wire  passing  through  an  office  within  a  power  area 
requires  a  fuse  at  each  boundary,  and  two,  either  at  the 
office,  or  at  the  ends  of  the  underground. 

(4)  Through  wires  passing  through  a  power  area  without 
entering  an  office  require  one  fuse  at  each  boundary. 

(5)  In  the  case  of  "  leak  "  circuits  one  fuse  is  inserted  in 
.  each  wire  of  the  main  circuit,  or  in  default  one  fuse  at  each 

office. 

(6)  The  distance  between  two  fuses  must  not  exceed  50 
miles,  nor  must  the  resistance  of  the  line  connecting  them 
exceed  100". 

A  few  typical  cases  may  be  considered  by  way  of  illus- 
tration. Consider  a  head  office  with  a  number  of  sub-offices 
served  by  open  wires,  all  of  which  are  within  an  area  where 
electric  trams  are  running.  Each  sub-office  would  be  pro- 
tected by  a  2-line  combined  heat  coil  protector  and  fuse  fitting 
of  the  type  shown  in  Fig.  327.  At  an  intermediate  office 
both  sides  of  the  fitting  would  be  needed,  whilst  at  a  terminal 
office  only  one  fuse,  heat  coil,  and  protector,  is  required. 
At  the  head  office  the  fuses  are  placed  in  a  separate 
weather-tight  case  at  the  base  of  the  standard  upon  the 
roof,  and  the  heat  coil  and  protector  fitting  is  fixed  inside 
the  building.  Tlie  fitting  of  fuses  within  the  building  is 
undesirable,  and,  where  the  small  combined  fittings  are 
used,  they  should  be  placed  as  near  as  possible  to  the  point 
at  which  the  wires  enter. 

Had  the  wires  from  the  sub-offices  entered  the  large  office 
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through  a  length  of  underground  the  fuses  would  be  placed 
in  the  pole  test  box  at  the  junction  of  the  open  and  under- 
ground lines. 

Conditions  5  and  G  require  the  addition  of  a  central  fuse 
where  the  various  electric  tramway  systems  form  a  practi- 
cally unbroken  area  of  large  dimensions.    In  such  cases  the 


Fio.  882.— Heat  coil  and 


100"  limit  for  the  resistance  between  the  fuses  makes  it 
reasonably  certain  that  the  fuse  will  be  operated  when  a 
contact  with  the  trolley  circuit  (voltage  usually  about  500) 
takes  place. 

Heat  Coil  and  Protector  FittinGwS. 
A  view  of  a  strip  of  heat  coils  and  "  D  "  protectors,  together 
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with  a  section  showing  the  precise  arrangements  of  the 
various  parts,  is  shown  in  Figs.  332  and  333.  The  strips 
are  mounted  in  cast-iron  boxes  with  iron  covers,  and  are 
made  in  sizes  to  take  20,  40,  80  and  160  wires  respectively. 
Cross-connection  strips  are  also  added,  and  these  serve  the 
same  purpose  as  the  cross-connection  fields  of  the  switch 
spring  test  box. 

At  offices  of  the  largest  size  the  heat  coils  and  protectors 
are  placed  in  a  basement  fire-proof  chamber.  The  strips 
are  fixed  upon  the  test  and  cross-connection  frame,  but  are 
of  exactly  the  same  general  form  as  those  shown  in  Figs. 
332  and  3SS. 


Fia.  888.— View  of  heat  coil  and  "  D  "  protector  strip. 


Precautions  against  Fire. 

In  this  chapter  perhaps  it  will  not  be  out  of  place  to  call 
special  attention  to  the  fire  precautions  which  now  form  a 
part  of  the  standard  practice  of  the  Post  Office.  In  the  first 
place  the  materials  used  in  constructing  the  building  con- 
tain the  minimum  amount  of  w^ood,  the  floors  being  con- 
creted and  iron  girders  used  where  possible.  It  is  true 
that,  in  this  way,  the  building  itself  may  be  made  fire-proof, 
but  when  the  fittings  brought  into  it  are  of  a  highly 
inflammable  nature,  immunity  from  fire  at  once  ceases. 

It  will  be  obvious  that  the  large  casings  passing  from 
floor  to  floor  partially  filled  with  gutta-percha-covered  wires, 
and  the  test  box,  w^hich  may  consist  of  thousands  of  these 
wires  more  or  less  spread  out,  constitutes  a  most  serious 
menace.     The  precautions  which  are  now  taken  consist  in 
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the  use  of  iron  pipes  and  iron  casings  for  carrying  the 
wires,  whilst  at  each  floor  suitable  iron  doors  are  provided 
which  are  cut  to  just  permit  the  wires  to  pass  through. 
The  space  between  the  iron  plates  may  be  packed  with 
asbestos,  the  object  being  to  prevent  the  flame  passing  from 
floor  to  floor  via  the  casing.  The  use  of  gutta-percha  wires 
inside  the  buildings  has  been  entirely  abandoned  in  favour 
of  wires  with  non-inflammable  coverings. 

In  the  event  of  a  fire  which  results  in  the  total  destruc- 
tion of  a  building,  it  will  be  obvious  that  the  work  of 
finding  the  various  wires  in  the  many  routes  radiating 
from  a  large  office  would  occupy  a  very  considerable 
amount  of  time.  To  avoid  this  difficulty  the  modern  prac- 
tice is  to  terminate  every  wire  entering  the  office  in  either 
a  large  underground  chamber  entered  by  a  fire-proof  door, 
or  to  build  a  small  fire-proof  chamber  in  such  a  position 
and  80  designed  that  if  the  building  was  absolutely  gutted 
there  would  be  no  damage  done  to  the  interior  of  this 
chamber  either  by  fire  or  watet.  Every  wire  would  be 
in  its  proper  position  upon  the  various  cable  heads  and 
terminals,  and  the  work  of  making  the  temporary  arrange- 
ments would  thereby  be  reduced  to  finding  suitable 
accommodation,  joining  up  the  instruments  and  batteries, 
and  then  linking  the  underground  chamber  with  the 
temporary  offices.  If  every  wire  had  first  to  be  found  and, 
moreover,  if  the  paper  cables  had* been  damaged  by  water 
for  20,  30,  or  even  50  yards,  the  magnitude  of  the  task  of 
cutting  and  jointing  new  lengths  of  wire  and  terminating 
the  cables  would  be  appalling ;  meanwhile,  the  large  town 
and  environs  would  be  without  telegraphic  facilities,  pos- 
sibly for  several  weeks.  It  is,  therefore  scarcely  possible 
to  take  too  great  precautions  against  such  a  disaster. 

In  the  case  of  a  recent  fire,  in  which  the  test  box  and  a 
considerable  portion  of  the  instrument  room  was  burnt  out, 
the  basement  test  box  proved  the  salvation  of  the  situation. 
The  secondary  cells  were  intact,  and  therefore  it  was  only 
necessary  to  find  suitable  accommodation  in  undamaged 
parts  of  the  building,  and  to  run  leads  from  the  basement 
test  box  and  from  the  secondary  cell  installation  and  join 
up  the  sets  of  apparatus,  which  poured  in  from  every  part 
of  the  kingdom.  Had  every  cable  entering  the  office  been 
damaged  by  water  for  a  distance  of  twenty  or  thirty  yards . 
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outwards,  the  magnitude  of  the  disaster  would  have  been 
increased  twentyfold. 

As  stated,  the  latest  practice  is  to  temiinate  each  cable, 
whether  paper  or  G.P.  insulated,  upon  a  cable  connection 
box  (see  Chapter  XXII)  placed  in  the  external  underground 
chamber.  The  position  of  this  chamber  is  usually  chosen 
from  the  point  of  view  of  its  proximity  to  some  government 
or  municipal  building  in  which  space  for  the  temporary 
accommodation  of  the  circuits  could  be  found  in  the  event 
of  the  Post  Office  being  gutted!  The  position  is  also 
considered  from  the  point  of  view  of  safety  from  falling 
debris. 

From  the  cable-connection  boxes  in  the  external  chamber, 
lead-covered  cables  with  40  lb.  conductors,  insulated  with 
silk  and  cotton,  are  carried  in  iron  pipes  to  the  test  and 
cross-connection  frame  in  the  internal  fire-proof  room.  (In 
all  future  installations  20  lb  conductors  will  be  used.)  The 
two  sides  of  this  frame  are  linked  by  wires  having  a 
flame-proof  insulation,^  and  128-^vire  lead  covered  silk  and 
cotton  cables  carry  the  wires  to  the  test  box.  Thence  to 
the  instrument  tables  5-  and  7-wire  lead  covered  cables  laid 
in  iron  troughing,  terminated  upon  7-tag  connection  strips, 
are  used,  whilst  the  instrument  connections  are  made  with 
insulated  wire  similar  to  that  employed  for  the  cross- 
connections. 

Test  and  Cross-Conneotion  Frame. 

The  test  and  cross-connection  frame  (Fig.  334),  which  is, 
of  course,  varied  in  size  according  to  the  requirements  of 
each  case,  provides  a  testing  point,  a  cross-connecting  field, 
and  also  serves  to  carry  the  heat  coils  and  protectors.  The 
cables  from  the  exterior  chamber  are  connected  to  tags  upon 
the  horizontal  side  of  the  frame.  Each  pair  of  wires  passes 
through  two  vertically-placed  test  jacks  on  to  two  tags 
furnished  with  screws.  By  inserting  the  double  test  peg 
into  the  pair  of  test  jacks,  both  line  and  both  instrument 
sides  are  joined  to  the  four  conductor  cord  attached  to  the 
test  peg.     Since  it  is  usually  only  required  to  test  one  of 

*  One  type  of  flame-proof  insulated  wire  consisted  of  a  tinned  copper 
conductor  covered  witli  silicated  cotton  and  worsted.  This  proYing 
unsatisfactory  a  new  wire  was  tried  consisting  of  a  tinned  copper  con- 
ductor having  a  thin  coating  of  rubber  covered  with  braided  worsted  ;  the 
matter  is,  however,  still  in  the  experimental  stage. 
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the  circuits,  the  two  conductors  of  the  cord  which  pick  up 
the  wire  not  to  be  tested  should  be  joined  through  at  the 
test  tablet  before  the  peg  is  inserted.  The  frames  usually 
carry  both  telegraph  and  telephone  circuits,  and,  therefore, 
speaking  and  testing  apparatus  j^ermanently  connected  to 
the  pegs  is  invariably  provided.     The  testing  apparatus  is 

suitable  for  rough  tests, 
and  is  of  the  general  form 
shown  in  Fig.  354,  save 
tliat  the  galvanometer  is 
of  the  "Test  Box"  type, 
and  that  telephone  speak- 
ing and  ringing  ap- 
paratus is  added. 

The  wires  upon  the 
horizontal  side  are  of 
course  arranged  in  the 
order  in  which  they  come 
in  on  the  "  leading-in " 
cable.  From  this  point 
they  are  connected  to  the 
vertical  strips  of  pro- 
tectors and  heat  coils  by 
means  of  20  lb.  conduc- 
tors having  flame-proof 
insulation. 

When  any  cross  is 
necessary,  the  cross-con- 
necting or  "  jumper  " 
wires  between  the  vertical 
and  horizontal  sides  of 
the  frame  are  altered,  so 
avoiding  the  necessity  for 
disturbing  the  cabling. 
The  purpose  of  the  rings, 
to  be  seen  in  the  figure,  is  merely  to  provide  an  orderly 
method  of  running  these  jumper  wires. 


1 1 1 1  li, 

■I  IJ I  f  l[ 

liifiT 


Fio.  884.— Test  and  cross-connection  frame. 


CHiVPTER  XIX 
THE  EDEN  MORNING  TEST. 

rpHE  efficiency  of  a  telegraph  system  depends  to  a  very 
X  great  extent  upon  the  efficiency  with  which  the  vast 
number  of  lines  is  maintained.  The  prompt  discovery  and 
the  rapid  removal  of  faults  is  of  the  last  importance. 
Moreover,  the  detection  and  removal  of  dight  defects  before 
they  can  injuriously  affect  the  working  of  the  circuits  is  a 
consideration,  the  value  of  which  is,  perhaps,  but  too 
frequently  overlooked.  It  might  be  argued  that,  since  a 
defect  or  slight  fault  did  not  affect  the  working  of  the 
circuit,  its  existence  might  reasonably  be  ignored.  In  very 
wet  weather,  however,  this  small  defect  might  readily 
become  a  pronounced  fault,  but  even  supposing  that  it  did 
not  do  so,  a  number  of  these  defects  accumulating  upon  a 
circuit  might  easily  lead  to  its  total  stoppage.  In  this  case, 
instead  of  the  trouble  being  due  to  a  single  specific  fault 
which  could  quickly  be  traced  and  remedied,  there  would 
be  several  minor  defects  to  be  picked  out  and  remedied. 
This  would  mean  a  considerable  increase  in  the  duration 
of  the  defective  condition  of  the  circuit.  The  results  of  the 
week's  tests,  which  are  made  by  the  commercial  or  traffic 
department,  are  sent  to  the  engineering  department,  where 
they  are  very  carefully  scrutinized,  and  as  a  result  the 
wires  which  are  below  the  values  obtained  in  the  case  of 
other  wires  following  a  similar  route,  are  minutely  examined 
and  the  cause  of  the  defect  removed. 

In  the  case  of  definite  faults,  the  position  of  the  fault  is 
localized  between  two  adjacent  testing  stations,  as  described 
in  the  subsequent  chapter.  The  objects  of  the  test  may 
therefore  be  said  to  be,  firstly,  the  indication  of  minor 
defects  which  may  not  immediately  affect  the  working  of  the 
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circuit,  and  secondly,  the  indication  of  definite  faults,  which 
certainly  will  affect  the  working. 

Advantages  of  the  Eden  Test. 

The  system  of  morning  testing  now  in  vogue  was  invented 
by  A.  Eden,  and  presents  the  following  advantages  over 
previous  systems : — 

1.  The  whole  of  the  testing  apparatus  is  under  the  control 
of  the  testing  office. 

2.  The  test  is  independent  of  the  exact  value  of  the 
E.M.F.  of  testing  battery  and  of  the  sensitiveness  of  the 
galvanometer. 

3.  The  test  may  be  applied  to  lines  differing  largely  in 
conductor  resistance. 

4.  Two  circuits  are  tested  at  one  operation. 

5.  The  simplicity  and  rapidity  with  which  it  may  be 
manipulated. 

These  advantages  will  be  apparent  when  the  principle  of 
the  test  has  been  considered. 

Method  of  Demonstrating  the  Principle. 

The  general  lines  upon  which  the  tmderlying  principles 
of  the  Eden  test  will  be  demonstrated  are  as  follows : — 

1.  It  will  be  shown  that  by  the  application  of  two 
10,00O*  resistances  the  insulation  resistance  may  be  assumed 
to  be  equivalent  to  a  single  fault  at  the  centre  of  the  circuit 
equal  in  value  to  the  joint  resistance  of  all  the  &ult8  or 
leaks. 

2.  It  will  be  shown  that  if  an  otherwise  perfectly  insulated 
circuit  has  a  fault  at  the  centre  of  its  resistance,  the  re- 
sistance of  the  fault  can  be  determined  from  a  knowledge 
of  the  resistance  of  the  circuit,  the  value  of  the  current  sent 
out  and  the  value  of  the  current  received. 

3.  It  will  be  shown  that,  using  a  battery  of  given  E.M.F., 
the  resistance  of  the  central  fault  may  be  determined  from  a 
knowledge  of  the  current  flowing  through  the  fault  and  the 
conductor  resistance  of  the  circuit. 

Insulation  Resistance. 

Before  entering  upon  a  description  of  the  Eden  morning 
test,  it  is  essential  that  the  exact  meaning  of  the  term 
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"  insulation  resistance  "  should  be  thoroughly  understood. 
The  insulation  resistance  of  an  open  line  is  the  joint 
resistance  of  every  path  along  which  current  can  escape  to 
earth.  In  other  words,  it  represents  the  joint  resistance  of 
all  the  insulators  to  the  passage  of  a  current  over  their 
surfaces.  The  conductor  resistance  of  a  circuit  is  the 
resistance  of  the  wire  itself.  Insulation  and  conductor 
resistance  are  two  entirely  separate  entities,  but  in  certain 
cases  they  are  apparently  interdependent. 

In  order  to  make  this  point  quite  clear,  assume  that  a  line 
of  120**  resistance  is  supported  upon  four  insulators,  and 
that  the  resistance  from  the  line  over  each  insulator  is  100". 
The  values  chosen  are  very  widely  different  from  those 
which  would  occur  in  practice,  but  the  principle  will  be 

A    40**  B    4<r  C  4(r  D 
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Fig.  8S5.— A  circuit  having  a  conductor  resistanca  of  120**  and  an  insolation 
resistance  of  25«o. 

made  apparent  more  simply  by  the  aid  of  an  exaggerated 
case.  The  conductor  resistance  of  such  a  line  (Fig.  335) 
would  be  120".  The  insulation  resistance  would  be  the 
joint  resistance  of  the  four  insulators,  viz.  25**.  If  now  the 
resistance  of  the  circuit  as  a  whole  is  measured  from  A  with 
the  end  D  insulated,  the  result  obtained  is  47".  This  value 
is  termed  the  "  apparent  insulation  "  resistance  in  contra- 
distinction to  the  "  true  insulation "  resistance,  which,  in 
the  present  case,  is  25".  It  will  be  observed  that  the 
conductor  resistance  has  had  a  very  great  effect  upon  the 
result,  and  that  the  insulation  resistance  will  affect  the 
apparent  value  of  the  conductor  resistance.  If  the  end  D 
is  earthed,  the  resistance  from  A  is  now  45". 

Application  of  High  Resistances  to  the  Ends  of  the 
Circuit. 

If  a  very  high  resistance,  say  1,000,000",  is  connected  to 
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each  end  of  the  circuit,  the  resistances  of  40"  between  each 
of  the  faults  becomes  quite  insignificant,  and  the  circuit  is 
obviously  equivalent  to  one  with  the  four  faults  in  parallel 
at  its  centre.  Another  way  of  stating  the  same  fact  is  to 
say  that  the  same  difference  of  potential  will  exist  across 
the  ends  of  each  insulator.  If  the  difference  of  potential 
between  the  two  ends  of  the  circuit  were  2()'0012  volts,  the 
difference  of  potential  between  the  ends  of  the  line  itself 
would  be  but  '0012  volts,  or  ^^^  of  one  per  cent.  Had 
the  resistances  been  10,000**  at  each  end  the  value  would 
have  been  rather  more  than  ^%  of  the  total  voltage. 

Referring  back  to  Fig.  20,  the  four  circuits  depicted 
are  in  parallel,  and  their  joint  resistance  was  found  to  be 
the  reciprocal  of  the  sum  of  their  separate  conductances. 
In  this  case,  the  difference  of  potential  between  the  ends  of 
circuits  has  one  definite  value  and  only  one  value.  Were 
this  not  the  case,  either  or  both  the  junction  points  of  the 
circuit  would  have  two  or  more  different  potentials  at  the 
same  time,  a  condition  which  is  so  obviously  impossible 
that  demonstration  is  unnecessary.  In  the  case  cited,  the 
joint  resistance  of  the  paths  is  obtained  in  the  manner  just 
stated.  Now,  wherever  the  same  difference  of  potential  is 
applied  to  several  circuits  from  a  single  battery,  the  same 
rule  may  be  applied.  In  the  present  case  it  has  been 
shown  that  by  the  application  of  very  high  resistances  to 
the  ends  of  the  circuit  this  condition  is  fulfilled. 

The  statements  will  perhaps  be  rendered  more  apparent 
by  the  graphic  representation  in  Fig.  336.  This  figure 
shows  the  conditions  which  are  met  with  in  practice,  viz. 
a  1000"  line  with  10,000"  placed  at  each  end.  A  battery 
having  an  E.M.F.  of  21  volts  has,  however,  been  shown 
for  simplicity  of  calculation.  If  the  circuit  were  perfectly 
insulated,  the  difference  of  potential  l)etween  the  ends  of 
the  line  itself  would  be  1  volt,  i,c.  11  volts  would  be 
applied  to  the  first  insulator  and  10  volts  to  the  last  one. 
For  practical  purposes  it  might  be  assumed  that  no  fall 
existed  between  the  ends  of  the  line,  and  therefore  that 
the  huge  number  of  leaks  to  earth  which  occur  at  the 
insulators,  and  which  naturally  differ  in  value,  are  equiva- 
lent to  a  single  fault  equal  to  their  joint  resistance,  placed 
at  the  centre  of  the  circuit. 

Using  an  E.M.F.  of  555  volts,  the  difference  of  potential 
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between  the  ends  of  the  line  would  be  but  2*6  volts  as 
compared  with  55'5  volts  if  the  10,00(>"  blocks  were  omitted. 
The  resistances  of  the  circuit  in  Fig.  336  have  been  repre- 
sented by  the  lengths  of  the  lines  drawn. 

Resultant  Fault. 

It  can  be  proved  that  the  insulation  resistance  of  a 
uniformly  insulated  line  may  be  represented  by  a  single 
fault  at  the  centre  of  the  circuit,  and  that  the  value  of  the 
resistance  of  the  fault  is  equal  to  the  joint  resistance  of  all 
the  leaks  in  parallel.  For  example,  a  line  100  miles  long 
would  have  about  3000  insulators  upon  it.  Assuming  that 
the  resistance  of  each  insulator  was  10  megohms,  and  that 
the  resistance  of  the  circuit  w^as  1000",  then  this  line  is 


Fig.  98tf.— Illiutratiiig  tlie  way  in  which  the  application  of  two  high  reuBtaucos 
throws  the  line  into  the  electrical  centre  of  the  circuitb 

equivalent  to  a  line  having  the  same  conductor  resistance 
(1000**)  perfectly  insulated,  save  for  a  fault  at  its  centre 

(500-  from  each  end)  equal  to  ^^^J?^  =  3333«.     If  the 

line  is  not  uniformly  insulated,  i,  e.  if  the  resistance  of  the 
various  insulators  differ,  the  line  may  still  be  represented 
by  a  single  fault  equal  to  the  joint  resistance  of  the  various 
leJaks,  but  its  position  will  not  now  be  in  the  centre  of  the 
circuit. 

Summary  of  Results. 

The  results  of  the  above  investigations  may  be  sunmiarized 
as  follows : — 

*  1.  If  a  circuit  is  uniformly  insulated  (example,  a  gutta- 
percha-covered  wire,  or  an  open  line  where  there  is  a  very 
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large  number  of  insulators  each  of  j)ractically  equal  re- 
sistance), the  insulation  resistance  may  be  represented  by  a 
central  fault  equal  in  resistance  to  the  joint  resistance  of  all 
the  leaks  in  parallel. 

2.  If  two  high  resistances  are  applied  to  the  ends  of  the 
circuit  so  that  each  fault  is  tested  with  approximately  the 
same  voltage,  then,  whether  the  line  is  uniformly  insulated 
or  not,  its  insulation  resistance  may  be  represented  by  a 
single  fault  at  the  centre  of  the  total  resistance  of  the 
circuit  equal  in  value  to  the  joint  resistance  of  all  the  leaks 
in  parallel. 

The  rigorous  proof  of  these  statements  requires  the  use 
of  higher  mathematics,  but  it  is  believed  that  the  simple 
arithmetical  examples  given  should  serve  to  make  the  truth 
of  the  statements  quite  apparent. 

Insulation  Resistance  per  Mile. 

At  this  juncture  it  will  be  necessary  to  define  and  explain 
the  meaning  of  the  term  "  insulation  resistance  per  mile." 
If  the  total  insulation  of  a  circuit  fifty  miles  long  had  the 
same  value  as  one  twice  the  length,  it  would  at  once  be 
admitted  that  the  longer  circuit  was  in  better  condition  than 
the  shorter.  Upon  the  donger  circuit  there  are  twice  as 
many  insulators  or  possible  points  of  leakage,  and  since  the 
total  amount  of  leakage  is  the  same,  there  is  upon  the 
average  half  as  much  at  each  insulator,  i.  e.  the  resistance  of 
each  insulator  upon  the  longer  circuit  is  twice  as  much  as 
that  of  each  insulator  upon  the  shorter  circuit.  From  this 
it  will  readily  be  seen  that : — 

Insulation  per  mile  =  Total  insulation  X  Mileage. 

For  example,  if  the  total  insulation  of  a  circuit  83  miles 
long  is  30,000",  the  insulation  per  mile  is  2,490,000",  or 
approximately  2 '5  megohms.  The  only  case  in  which  this 
rule  does  not  accurately  apply  is  when  the  insulation 
resistance  is  abnormally  low  or  the  conductor  resistance  .is 
abnormally  high.  In  this  case  the  result  obtained  by 
multiplying  the  total  insulation  by  the  mileage  is  too  high. 
Generally  speaking  the  total  insulation  resistance,  save 
upon  very  long  circuits,  is  considerably  higher  than  the 
conductor  resistance,  and  in  that  case  the  rule  given  is 
sufficiently  accurate  for  all  practical  purposes. 
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When  two  or  more  circuits  are  connected  together,  either 
by  extension  or  by  forking,  the  total  insulation  of  the 
combination  is  the  joint  resistance  of  their  separate  insul- 
ation resistances.  The  conductor  resistance  may  generally 
be  entirely  ignored. 

Example. — ^A  circuit  is  made  up  by  extending  a  circuit 
20  miles  long  to  another  30  miles  long.  If  the  total 
insulation  resistances  of  the  two  circuits  are  40,000"  and 
80,000**  respectively,  what  is  the  total  insulation  and  the 
average  insulation  per  mile  ? 

Total  insulation  of  whole  circuit  =  |^^- 

=  26,700"  approximately. 
Insulation  per  mile  =  26,700  X  50 
=  1,335,000" 
=  1*335  megohms. 

The  insidations  per  mile  of  the  two  circuits  considered 
separately  are  '8  and  2*4  megohms  respectively. 

In  actual  practice  it  is  never  required  to  know  the  abso- 
lute value  of  the  insidation  resistance  very  accurately.  A 
result  correct  to  10%  or  even  20%  suffices  for  most  cases. 

The  value  of  the  insulation  resistance  per  mile  enables 
the  condition  of  various  circuits  to  be  directly  compared. 
In  the  case  of  a  route  of  a  dozen  wires,  the  fact  that  a  lower 
insulation  was  obtained  upon  a  particular  circuit  would 
indicate  the  presence  of  a  minor  defect,  and  the  cause  would 
then  be  ascertained  by  examining  the  line.  Again,  lines 
between  the  same  two  points,  but  following  different  routes, 
may  be  very  closely  compared,  since  the  climatic  conditions 
would  be  the  same,  and  any  considerable  difference  in  the 
values  obtained  would  indicate  that  attention  was  required. 
The  careful  scrutiny  of  the  results  of  the  morning  tests  is  a 
work  of  very  great  importance,  and  by  investigating  and 
remedying  every  abnormality  as  it  arises,  the  condition  ' 
of  the  circuits  can  be  brought  to  the  highest  pitch  of 
perfection. 

Again,  the  condition  of  wires  maintained  by  the  different 
administrations  may  be  compared. 

Fault  at  the  Centre  of  a  Circuit. 
If  the  conductor  resistance  and  the  values  of  the  currents 

Q  Q 
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sent  out  and  received  upon  a  circuit,  having  a  fault  at  the 
centre  of  its  resistance,  are  known,  the  resistance  of  the 
fault  can  readily  be  obtained.  Such  a  circuit  is  represented 
in  Fig.  337.  The  current  sent  out  from  the  battery  is 
10  m.a.,  whilst  that  received  at  the  distant  end  is  8  m.a. 
The  difference  between  the  current  sent  out  and  that 
received  (10 — 8  =  2  m.a.)  is  the  amount  which  flows  through 
the  fault.  The  10  m.a.  arrives  at  B,  where  it  divides  8  m.a. 
to  G  and  2  m.a.  through  the  fault.  In  Chapter  II  it  was 
explained  that  a  current  divides  between  two  paths  in 
parallel  in  inverse  proportions  to  their  [resistances.  It  will 
therefore  be  obvious  that  since  the  current  splits  between 
the  faidt  and  B  C  in  the  proportion  of  2  m.a.  to  8  m.a.  their 

looo**          D        looo**         C  ^ 
¥     ,    . *— F 


lOmo.  gmfl. 


FAULT  AT  THl. 
C&NTRC  OF 

THt  cmcuiT 


Fio.  337.— Circuit  with  fault  at  the  centre. 


resistances  are  as  8  to  2  respectively.  This  at  once  gives 
the  resistance  of  the  fault  as  4000**.  It  is,  however,  necessary 
to  put  the  method  of  obtaining  this  result  into  the  following 
more  general  form : — 

Res.  of  fault  :  ^  Circuit  res.  : :  Received  current  :  Loss. 

The  fact  that  the  current  splits  in  inverse  proportion  to 
the  resistance  of  two  circuits  in  parallel  may  readily  be 
proved.  Taking  the  example  given  in  Fig.  337,  the  differ- 
ence of  potential  between  B  and  0,  i.  e.  between  B  and 
earth,  is  by  Ohm*s  law  '008  X  1000  =  8  volts.  The  differ- 
ence of  potential  between  B  and  E  via  the  fault  must 
obviously  be  the  same,  since  the  point  B  cannot  have  two 
values  of  potential  at  the  same  time.     The  resistance  of 

the  fault  is,  then,  (?  =  b)  -^^  =  4000". 
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From  this,  and  the  previous  explanation,  it  will  be  seen 
that  the  following  relationship  is  true  : — 

T>        f  f    ix  _  2  Circuit  res.  X  Received  current 

Loss 

The  numerator  gives  the  value  of  the  potential  difference 
between  the  centre  of  the  circuit  and  earth  (which  is  equal 
to  that  between  the  ends  of  the  fault),  whilst  the  denominator 
is  the  value  of  the  current  through  the  fault. 

Relations  between  "  Sent,"  "  Received  "  and  "  Perfect  " 
Currents,  and  the  Resistance  of  a  Fault  at  the  Centre 
OF  Circuit  of  known  Resistance. 

If  the  circuit  shown  in  Fig.  338  were  perfectly  insulated, 
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Fio.  8SS.— Circuit  with  fiiult  at  the  centre. 

the  value  of  the  current   flowing  througli  it  would  be 

18 
2(\i)r)  =  9   ™-^-      This  value  is  known  as  the   "  perfect 

current"  for  that  particular  batteiy  and  circuit.  If  now 
faults,  having  resistances  of  (a)  4000«,  (b)  2000«,  and 
(c)  lOOO*,  are  successively  placed  at  the  centre  of  the  circuit, 
it  will  be  found  by  actual  trial  that  the  following  relation  is 
true : — 

When  a  fault  is  applied  to  the  centre  of  an  otherwise 
perfectly  insulated  circuit,  for  every  milliampere  of  current 
flowing  through  the  fault  half  a  milliampere  more  is  sent 
out  and  half  a  milliampere  less  is  received  as  compared 
with  the  current  sent  and  received  when  the  current  was 
perfect. 
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(a)  Resistance  of  circuit  =  1000  +  Joint  res.  oi  BC  and 
the  fault. 

.^^  .   1000  X  4000 


- 

=  1800- 

1000  +  4000 

Sent  current  = 

18 
"1800 

10  m.a. 

Received  current  = 

=  1  of  10 
5 

m.a.  =  8  m.a. 

Loss  = 

=  10-8 

=  2  m.a. 

(h) 

Resistance  of  circuit  = 

=  1000  + 
=  1667- 

1000x2000 
1000  +  2000 

Sent  current  = 

18 
1007 

10*8  m.a.  approx. 

Received  current  = 

=  Yof  10-8m.a.  =  7-2  m.a. 

Loss  = 

=  10-8  - 

7-2  =  36.  m.a. 

(c)  Resistance  of  circuit  =  1000  +  —  — 

=  1500- 

18 
Sent  current  =  Yrc^T  ~  ^^  ^•^• 

Received  current  =  ^  of  12  m.a.  =  fi  m.a. 
Loss  =12  —  6  =  6  m.a. 

The  value  of  the  perfect  current  is  9  m.a.,  and  therefore 
in  example  (a)  1  m.a.  more  is  sent  out  and  one  less  received, 
in  (b)  1*8  m.a.  more  is  sent  out  and  1*8  m.a.  less  received, 
and  in  (c)  3  m.a.  more  is  sent  out  and  3  m.a.  less  is  received. 
From  these  results  it  is  apparent  that 

(1)  Sent  current  =  Perfect  +  i  loss. 

(2)  Received  current  =  Perfect  —  |  loss. 

(3)  Perfect  current     =   '^"*  +  ^^<^^^^^^  . 

(4)  Loss  =  Sent  —  Received. 

The  second  relation  is  the  one  which  is  now  required  to 
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complete  the  theory  of  the  test.     Upon  p.  595  it  was  proved 
that 

Res  of  fault  =  i  circuit  Resistance  X  Received  Current 

Loss 

Substituting  for  received   current   the  equivalent   found 
above,  it  will  be  seen  that 

Tj        f  f    ]|  _  2  circuit  Resistance  X  (Perfect  —  ^  loss) 

Loss 

Application  of  the  Results  obtained. 

It  has  now  been  shown  that,  knowing  the  E.M.F.  of  the 
testing  battery,  the  circuit  resistance  and  the  loss — or 
current  through  a  fault  at  the  centre  of  the  circuit — the 
resistance  of  tlie  fault  may  be  obtained.  It  has  also  been 
explained  that  by  the  application  of  a  10,000*  coil  at  each 
end  of  the  line,  the  insulation  resistance  is  rendered 
equivalent  to  a  single  fault  at  the  centre  of  the  resistance 
of  the  circuit.  Therefore,  the  results  obtained  in  the  case 
of  the  simple  circuit  shown  in  Fig.  338  hold  good  for  the 
more  complicated  case  which  the  Eden  test  represents. 

Practical  Arrangement  for  Eden  Test. 

The  wires  are  wherever  possible  tested  in  pairs,  their 
distant  ends  being  looped  for  the  purpose.  A  cun-ent  is 
sent  out  on  the  first  and  received  back  upon  the  second 
wire.  If  the  line  be  in  perfect  condition  the  total  current 
sent  out  will  be  received  back  upon  the  second  wire,  but 
should  there  be  any  leakage,  its  amount  is  equal  to  the 
difference  between  the  sent  and  received  currents.  In  order 
to  observe  the  loss,  a  differentially  wound  tangent  galvano- 
meter {t:ide  Fig.  26)  is  employed,  one  coil  of  which  is 
included  in  the  first  wire,  whilst  the  second  coil  is  placed 
in  the  second  wire  (Fig.  339).  The  coils  are  joined  up  in 
such  a  direction  that  the  sent  current  opposes  the  received 
current,  and  therefore  the  deflection  indicates  the  value  of 
the  current  flowing  through  the  various  faults,  i,  e.  the  loss. 

The  E.M.F.  of  the  testing  battery  is  always  the  same,  viz. 
55*525  volts.  From  this  and  the  resistance  of  the  line  the 
value  of  the  perfect  current  can  readily  be  obtained.     The 
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constant  of  the  galvanometer  is  80  divisions  per  milliampere 
with  both  coils,  or  40  divisions  per  milliampere  for  one  coil, 
as  in  the  present  test.  The  preponderance  of  the  sent  over 
the  received  current  amounts  to  the  difference  between  them 
upon  the  sent  current  coil. 

Referring  again  to  the  result  found  upon  p.  597  for  the 
simple  circuit,  it  will  readily  be  seen  that  all  the  currents 
must  be  expressed  in  the  same  units,  either  amperes,  milli- 
amperes,  or,  more  important  still,  in  tangent  divisions.  If 
the  perfect  current  be  expressed  in  tangent  divisions  the 
deflection  obtained  may  be  inserted  for  "loss,"  and  the 
statement  will  still  be  true.  For  example,  taking  value  of 
Fig.  337,  q.  v,— 


lO.OOO 


LOOP 


3 


io,ooo 


55-525  VouTA. 


Skeleton  coanections  for  Insulation  test. 


Perfect  current 

Loss 

^  circuit  resistance 

Resistance  of  fault 


9  m.a. 
2  m.a. 
1000" 

KXX)  X  (9  -  i  of  2) 
2 
=  40()0«. 

Expressing  the  values  in  tangent  divisions,  40  divisions  = 
1  m.a.,  the  result  obtained  is  : — 

1000  X  (360  -  I-  of  80) 
"80 
-    4000-. 
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Before  proceeding  further  it  will  be  useful  to  give  an 
example  of  tlie  working  out  of  tlie  insulation  resistance  oi 
a  circuit  by  the  aid  of  the  principles  already  explained. 
This  should  serve  the  purpose  of  thoroughly  co-ordinating 
the  simple  proofs  with  practical  cases. 

Example. — If  30  divisions  is  observed  under  the  con- 
ditions of  the  Eden  test  upon  two  looped  wires  each  50 
miles  long,  and  each  having  a  conductor  resistance  of  10** 
per  mile,  what  is  the  insulation  resistance  per  mile  ? 

Total  resistance  of  circuit : — 

Two  10,000-  coils  -  20,000 

Two  coils  of  galvanometer  =       320 
Internal  resistance  =         30 

Res.  of  line  wire  (100  X  10)  =    1^ 

21^0 


Perfect  current 


E.M.F. 
TotafRea 
55,525 


55-525 
21,350 


amperes 


m.a. 


Total  insulation 


Insulation  per  mile 


21,350 

55,525  X  40,  ....  . 

=  —^21  350 — ^^^g®^*  divisions 

=  104  tangent  divisions 

_  (^  cct.  res.)  X  Perfect—  j  loss) 

Loss 

_  (^of  21,350)  X  (104 -i  of  30) 

30 

10,675x89     Q9nm«  or^r..^^ 
—  — ~~o(\ ~  o J,0(X)"  approx. 

=  Total  insulation  X  mileage 
=  32,000  X  100 
=  3'2  megohms. 


Verification  of  the  E.M.F.  of  the  Testing  Battery. 

In  the  description  of  the  test  it  has  been  assumed  that 
the  constant  of  the  galvanometer  was  80  divisions  per  milli- 
ampere  with  both  coils,  and  that  the  E.M.F.  of  the  testing 
battery  was  55*525  volts.    The  former  is  secured  by  joining 
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up  the  standard  cell  and  proceeding  as  detailed  in  Chapter 
III.  Having  adjusted  the  galvanometer,  the  testing  battery 
is  joined  up  through  20,000**  and  the  circle  coil  of  the 
galvanometer.  If  its  E.M.F.  is  55*525  volts  a  deflection  of 
110  divisions  will  be  produced. 

^    -■  Q^  =  275  m.a.  =  110  divisions. 

If  the  E.M.F.  of  the  testing  battery  is  less  than  this  value 
an  additional  cell  is  joined  up.  This  cell  will  increase  the 
deflection  by  If  divisions.  This  adjustment  is  quite  fine 
enough  for  all  practical  purposes. 


Interpretation  of  the  Results  of  tue  Tests. 

The  value  of  the  perfect  current  for  any  particular 
circuit  is  a  constant  quantity,  since  the  variations  in  the 
resistance  of  the  line  part  of  the  circuit  due  to  changes  of 
temperature  are  an  extremely  small  fraction  of  the  total 
resistance.  The  mileage  of  the  circuit  is  also  a  fixed 
quantity,  and  it  will  therefore  be  seen  that  tables  may 
readily  be  prepared  giving  the  insulation  resistance  per 
mile  for  any  deflection  observed  upon  each  particular  cir- 
cuit. In  practice  this  is  frequently  done,  but  a  separate 
table  is  required  for  each  wire,  save  where  the  particulars 
of  two  or  more  circuits  agree  as  regards  conductor  resistance 
and  mileage. 

A  table  has  been  printed  showing  every  deflection  from 
1  to  200  divisions,  and  opposite  each  deflection  is  given  the 
number  of  divisions  which  would  be  observed  upon  lines 
having  different  conductor  resistances.  If  80  divisions  of 
loss  were  observed  upon  a  500*"  line,  this  reading  would  be 
equivalent  to  81  divisions  upon  a  line  of  1000**  resistance. 
In  this  way  the  errors  due  to  the  difference  in  the  conductor 
resistance  of  the  circuit  are  eliminated. 

Having  made  the  correction  for  conductor  resistance,  the 
value  of  the  insulation  per  mile  is  read  off  opposite  the 
corrected  deflection  under  the  mileage  of  the  loop. 

To  give  a  specific  instance.  Suppose  that  the  reading 
upon  a  loop  of  2000**  resistance  is  72  divisions,  and  that 
the  length  of  the  loop  is  20  miles. 
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Actual 
Reading. 


72 


ResiBtanoe  of  loop. 


I 


2000». 


74 


Deflection  which  would  be  obtained 
upon  a  500«  line  if  the  insulation 
were  the  same. 


Equivalent  Mileage. 


Reading  on 
600w  loop. 

Mileages. 
20 

Megohms  per  mile. 

74 

•2 

Connections. 

The  various  connections  required  are  made  by  means  of 
an  8-terminal  d-position  switch  and  two  test  hole  switches. 
The  connections  as  a  whole  are  shown  in  Fig.  340,  and  will 
readily  be  understood  by  the  aid  of  Figs.  341  to  348. 


Routine  of  the  Test. 

In  carrying  out  a  series  of  tests  the  following  procedure 
is  observed — 

1.  The  constant  of  the  galvanometer  is  taken,  the  switch 
and  U  links  being  placed  as  shown  in  Fig.  341.  The 
skeleton  connections  are  shown  above. 

2.  The  E.M.F.  of  the  battery  is  verified  by  placing  the 
switches  as  shown  in  Fig.  342. 

Operations  1  and  2  only  need  to  be  performed  once 
immediately  before  readings  are  to  be  taken. 

3.  The  reading  upon  the  loop  is  taken  as  shown  (Fig. 
343). 
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Each  of  these  operations  has  been  dealt  with,  and  further 
description  is  unnecessary. 

Prior  to  taking  the  reading  specified  in  paragraph  3,  the 
circuits  are  tested  with  the  test,  box  galvanometer  and 
battery  in  order  to  make  certain  that  they  have  been  looped 
at  the  distant  end. 

Eden  Test  for  Position  of  a  Fault. 
If  the  reading  obtained  in  paragraph  3  is  so  high  as  to 

Unit 


fMCMMTTOM     |UNC2 


L^^OD^^^I- f  ***/ 


Fio.  340. — Connectionii  of  morning  test  switch  tablet 

indicate  the  existence  of  a  fault  the  switch  is  turned  to 
position  4,  which  makes  the  connections  shown  in  Fig.  344. 
If  the  fault  is  upon  the  left-hand  wire  the  needle  is  deflected 
off  the  scale,  whilst  a  fault  upon  the  right-hand  wire  would 
cause  a  deflection  on  the  scale.  A  fault  at  the  looping  ofl&ce 
would  produce  no  deflection,  since  the  resistance  of  each 
wire  to  the  fault  would  be  the  same,  and  equal  currents 
would  flow  through  both  coils  of  the  galvanometer.  In  the 
event  of  a  very  small  deflection  it  will  be  evident  that  the 
fault  is  very  close  to  the  looping  office,  and  in  such  cases 
it  is  desirable  to  make  sure  which  is  the  faulty  wire  by  an 
independent  test. 


THE  EDEN  MORNING  TEST 
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Fio.  841.— Constant  of  galvo. 
laooo** 


Fio.  842.— Constant  of  battery. 


,  Fio.  848.— Insulation  of  loop. 


Fio.  844.— Faulty  loop,  flnt  teat 


Fio.  845.— Faultly  loop,  second  test. 

lO.OOO* 


Fio.  846.— Constant  of  10-oell  battery. 


To   Receive   CURKINT 


TO  nCVCRSC 

2      OtflftCTMN 


Fi».  347.— Localization  testing. 


Fiu.  848.— Measuring  a  current 
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If  the  value  of  tlie  deflection  be  noted,  the  switch  then 
turned  to  position  4,  and  the  new  deflection  observed,  the 
position  or  distance  of  the  fault  from  the  testing  office  may 
be  found.  The  connections  made  in  the  second  case  are 
depicted  in  Fig.  345.  The  two  observ^ations  respectively 
give  the  difference  in  the  currents  flowing  in  each  wire,  and 
the  value  of  the  current  flowing  in  the  left-hand  wire. 
Knowing  this,  the  ratio  between  the  values  of  the  currents 
flowing  in  the  two  wires  is  obtained. 

In  Chapter  II  it  was  shown  that  the  current  divides 
between  two  paths  in  inverse  ratio  to  their  resistances. 
The  resistance  of  one  path  is  the  resistance  of  the  line  up 
to  the  fault,  plus  the  resistance  of  one  coil  of  the  galvano- 
meter, whilst  the  other  is  equal  to  the  resistance  to  the  fault 
along  the  other  wire  plus  one  coil  of  the  galvanometer. 

Example. — With  a  loop  of  3000"  deflections  of  40  and 
120  divisions  are  obtained  under  the  conditions  of  the  Eden 
localization  test. 

Current  through  right-hand  wire  =  120  divisions 

left        „        „     =  120-40  =  80  divisions 
80  :  120  : :  Res.  of  right-hand  :  Res.  of  left-hand 
wire  to  fault  wire  to  fault 

80  +  120  :  120  : :  Total  loop  :  Res.  of  left-hand 

resistance  wire  to  fault 

5  :     3     : :  3320  :  Res.  of  left-hand 

wire  to  fault 
Res.  of  left-hand  wire  to  fault  =  1992" 
Deducting  the  resistance  of  one\  __  ,  oo^^ 
coil  of  the  galvanometer       /  ~ 

The  result  may  be  obtained  direct  from  the  following 
formula,  which  has  been  constructed  upon  the  basis  of  the 
reasoning  employed  above  : — 

Rc8.  to  fault  =  ^^P  +  320)  X  Larger  deflection  _  jg,, 
lAVice  larger  —  bmaller  deflectn. 

Putting  in  the  values  used  in  the  example — 

Res  to  fault  -  ^^^  +  ^'^^^^  ^  ^^O  _  ..^ 
Kes.  to  fault-      ^^.— -^^^^-_^^^  ..      100 

=  1832". 
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This  test  will  generally  give  i-esults  which  are  accurate  to 
within  2%  in  fine  weather,  but  in  the  event  of  two  faults, 
existing  simultaneously,  or  if  the  general  insulation  of  the 
loop  is  so  low  as  to  bring  the  resistance  of  the  fault  within 
range  of  the  conductor  resistance,  or  for  a  very  high  resistance 
fault,  the  test  is  quite  valueless. 

At  many  of  the  larger  oflSces  a  press-button  is  used  to 
reverse  the  wires  in  the  event  of  a  deflection  being  in  the 
opposite  direction  to  the  divided  scale.  This  arrangement 
is  shown  in  Fig.  340,  but  where  this  is  not  provided  it  is 
necessary  to  reverse  the  wires  at  the  test  box.  If  this  is 
done,  both  readings  should  be  taken  with  the  line  in  the 
same  position  when  making  the  fault  localization  test. 

Test  for  Single  Wires. 

When  a  loop  cannot  be  formed  the  distant  oflBce  earths 
the  wire  to  be  tested  through  a  resistance  of  10,160*.  The 
deflection  observed  then  is  the  sent  current.  By  the  aid 
of  the  relations  found  upon  p.  596  it  will  be  seen  that  the 
sent  current  less  the  perfect  current  gives  half  the  loss. 
Therefore  the  relation  may  in  this  case  be  written — 

J       I  . .       _  ^  circuit  Res.  X  (Twice  Perfect  —  Sent) 
nsu  a  ion  -  Twice  (Sent  -  Perfect) 

Localization  Tests  with  the  Tangent  Galvanometer. 

For  localization  tests  and  other  purposes  it  is  frequently 
necessary  to  measure  the  total  insulation  of  a  line.  This  is 
provided  for  by  a  10-cell  Daniell  battery,  which  may  be 
joined  up  with  one  coil  of  the  galvanometer  to  the  line  to 
be  tested.  The  E.M.F.  of  the  battery  is,  roughly,  10  volts, 
and  this  serves  for  the  rapid  but  approximate  measurement 
of  resistances  between  2000"  and  400,000". 

First,  the  connections  shown  in  Fig.  346  are  made  by 
placing  the  switches  as  shown.  The  deflection,  which 
would  probably  be  about  40  divisions,  is  noted.  Turning 
the  switch  to  position  3  results  in  a  deflection  which  depends 
upon  the  insulation  of  the  line. 

Ohm's  law  states  that  if  the  E.M.F.  in  a  circuit  is  con- 
stant the  current  is  inversely  proportional  to  the  resistance. 
In  this  case  the  total  resistance  in  the  first  case  (position  2) 
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was,  allowing  40-  for  the  battery,  10,000  +  160  +  40  = 
10,200".  This  produced  a  deflection  of,  say,  40  divisions, 
and  therefore  1  division  woidd  be  produced  through  40  X 
10,200  =  408,000-.  The  value  of  the  insulation  of  any  circuit 
tested  is  therefore  equal  to  this  number  divided  by  the 
deflection  observed. 

Insulation  =  ^^'^^' "^  ^.""^^^^ 
Deflection. 

Example. — What  is  the  insulation  of  a  line  which  gave  a 
deflection  of  78  divisions?  Constant  of  galvanometer  39 
divisions. 

Insulation  =  1M«)^->^.A9  =  5.100-. 

By  means  of  the  6-terminal  2-po8ition  switch  the  two 
10-cell  batteries  may  be  connected  in  series  or  in  parallel. 
When  in  series  the  deflection  obtained  in  an  insulation  test 
is,  of  course,  twice  that  when  the  cells  are  in  parallel.  The 
real  object  of  the  switch  is  to  provide  a  20-cell  battery  for 
Wheatstone  bridge  tests. 

To  measure  a  current  the  connections  shown  in  Fig.  348 
are  made  by  means  of  the  switches.  In  this  case  the  value 
of  the  current  is  obtained  as  explained  in  Chapter  III,  the 
galvanometer  constant  being  ascertained  in  the  usual  way 
by  means  of  the  standard  cell. 

The  process  of  taking  the  tests  has  been  very  greatly 
expedited  by  the  introduction  of  a  special  switch.  Tlie 
loops  pass  through  switch  springs  before  going  to  the  line 
test  box,  and  by  the  insertion  of  a  plug  the  wires  are  dis- 
connected from  the  test  box  and  connected  to  the  testing 
apparatus.  Besides  the  names  of  the  circuits,  the  times  at 
which  the  tests  are  made  is  noted  upon  the  labels  above 
each  switch  spring.  Also  a  device  has  been  embodied  in 
the  switch  for  the  looping  of  the  various  wires  in  the 
required  order  for  tests  which  other  offices  are  making. 
To  loop  the  wires  a  plug  is  withdrawn,  and  so  a  consider- 
able amount  of  time  is  saved. 

It  has  previously  been  pointed  out  that  provision  is  made 
for  these  tests  upon  boxes  of  the  switch-spring  type  by  the 
addition  of  the  looping  strips. 
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Effect  of  Insulation  Resistance  upon  the  Speed 
OF  Working. 

Whenever  the  total  insulation  of  a  circuit  falls  below  the 
conductot  resistance,  the  working  speed  of  the  circuit  is 
reduced.  In  the  case  of  short  lines,  the  insulation  may  fall 
to  an  extremely  low  value  before  any  trouble  results,  since 
the  conductor  resistance  of  the  circuit  is  low,  and  the 
theoretical  maximum  working  speed  far  in  excess  of  the 
possible  working  speed,  as  limited  by  that  of  the  apparatus 
used.  For  example,  a  400  lb.  iron  wire  circuit  has  a 
conductor  resistance  of  666**,  and  therefore  the  insulation 
might  fall  to  '033  megohm  per  mile.  With  a  circuit  200 
miles  long  the  conductor  resistance  is  2664",  and  to  have  a 
total  insulation  resistance  of  2664"  the  insulation  resistance 
per  mile  must  be  '53  megohm.  If  the  length  is  400  miles 
the  insulation  per  mile  required  is  2*13  megohms — a  value 
which  cannot  be  obtained  during  wet  weather.  The  remedy 
is,  of  course,  to  use  a  wire  of  lower  conductor  resistance. 
The  point  to  be  noticed  is  that  the  longer  the  circuit  the 
higher  is  the  character  of  the  insulation  needed.  It  may 
again  be  pointed  out  that  an  insulation  resistance  in  excess 
of  the  value  given  by  this  rule  does  not  reduce  the  working 
speed. 

Opposite  each  wire  upon  the  test  sheet  is  given  the  value 
of  the  insulation  resistance  per  mile,  corresponding  to  a 
total  insulation  equal  to  the  conductor  resistance.  This  is 
termed  the  "  working  standard  "  of  the  circuit.  Where  a 
route  of  wires  contains  both  long  and  short  lines,  the  whole 
of  the  wires  are,  of  course,  maintained  at  the  values  required 
upon  the  longest  circuits.  The  minimum  standard  of 
insulation  for  open  lines,  known  as  the  "maintenance 
standard,"  is  i  megohm  per  mile,  but,  as  has  been  shown, 
this  value  is  inadequate  to  the  needs  of  long  circuits,  and 
therefore  the  condition  of  any  circuit  falling  below  either  the 
working  or  the  maintenance  standard  is  unsatisfactory. 


CHAPTER  XX 

LOQALIZATION  AND    SPECIAL    TESTING    AND  THE 
FORMATION  OF  SPECIAL  CIRCUITS, 

PART  I.  LOCALIZATION  TESTS. 
Organization. 

BEFORE  entering  upon  the  details  of  the  various  electri- 
cal tests,  which  it  is  the  main  object  of  this  chapter  to 
expound,  it  is  desirable  that  the  general  scheme  of  fault 
localization  should  be  rendered  apparent.  The  efficiency  of 
a  telegraph  system  so  largely  depends  upon  the  prompt 
discovery  and  removal  of  faults  that  too  much  attention 
can  scarcely  be  paid  to  the  subject. 

The  Telegraph  service,  as  a  whole,  is  divided  into  two 
divisions — the  commercial  or  traffic  side  and  the  engineer- 
ing side.  The  former  controls  the  actual  telegraphic  trans- 
mission of  messages  and  in  addition  makes  all  morning 
and  localization  tests,  the  results  of  these  tests  being 
advised  to  the  Engineering  Department.  In  the  latter 
department  the  linemen  are  responsible  for  the  removal 
of  faults  and  for  the  satisfactory  maintenance  of  the 
batteries  and  apparatus  generally. 

When  the  morning  test  reading  indicates  the  existence 
of  a  fault,  its  position  is  ascertained  by  localization  tests. 
For  this  purpose  the  circuits  are  led  through  test  boxes  in 
some  or  all  of  the  Post  Offices  en  route ;  the  general  plan 
being  to  so  arrange  the  distances  between  successive 
testing  points,  that  a  lineman  can  walk  over  and  carefully 
examine  the  section  of  line  in  less  than  a  full  working  day. 
Where  this  is  not  possible  a  lineman  will  walk  from  each 
end  of  the  line  to  some  intermediate  point  previously 
determined.     In  any  case,  the  arrangements  made  are  such 
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that  the  clearance  of  a  fault  in  any  section  of  the  line  can 
be  accomplished  upon  the  first  day  of  the  occurrence  of 
the  fault.  Sometimes  test  boxes  are  placed  upon  the  poles 
so  that  a  further  Im'alization  test  can  be  made  by  having  a 
lineman  at  that  point  when  required  (see  Chapter  XXII). 
In  the  event  of  a  heavy  gale  it  is  usual  to  send  men 
through  every  main  line  without  waiting  for  specific 
advices  of  faults.  An  approaching  gale  generally  gives 
quite  sufficient  warning  for  this  to  be  done. 

Underground  wires  are  far  less  subject  to  faults  than 
open  lines,  but  their  cost  and  electrical  inefficiency  for 
high  speed  working  renders  their  universal  adoption  quite 
impracticable.  In  very  large  towns  there  is  frequently  no 
alternative,  and  as  a  result  there  are  few  long  lines  which 
have  not  one  or  more  short  sections  of  underground.  In 
these  cases  the  faults  which  occur  are  almost  invariably 
upon  the  open  sections,  but  when  doubt  exists  a  test  is 
made  to  the  pole  test  box  at  the  end  of  the  underground 
section. 

The  position  of  every  fault  is  localized  between  two 
successive  Post  Offices  en  route.  A  book,  in  which 
every  wire  is  entered  together  with  the  names  and  stations 
of  the  officers  responsible  for  the  good  working  of  each 
length  of  the  circuit,  is  kept  near  the  test  box  at  each 
testing  office.  When  the  fault  has  been  localized  this 
record  is  consulted  and  the  officers  responsible  for  the 
good  working  of  the  circuit  are  advised  by  service 
message. 

If  during  tlio  day  a  wire  is  reported  faulty  by  the  tele- 
graphist in  charge  of  the  circuit,  the  test  clerk  at  once 
proceeds  to  ascertain  the  position  of  the  fault,  but,  before 
dealing  with  the  line  itself,  makes  quite  certain  that  the 
fault  is  not  in  the  apparatus  or  the  leads  from  the 
instrument  to  the  test  box.  This  applies  to  every  class 
of  fault. 

Various  Types  of  Fault. 

Faults  may  be  divided  into  three  classes,  viz.  earths, 
disconnections,  and  contacts.  In  each  of  these  classes  the 
faults  differ  in  degree  and  the  terms  full  and  partial  are 
used  to  respectively  describe  the  very  pronounced,  and  the 
slight  faults,  in  the  case  of   earths  and   contacts.      The 
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disconnection  faults  range  fi'om  a  total  disconnection  down 
to  a  partial  disconnection  or  even  a  "  loss  of  conductance," 
which  means  simply  a  few  ohms  increased  resistance  due 
to  an  unsoldered  or  "  dry  "  joint  as  it  is  termed. 

A  fault  may  be  in  continuous  existence  or  it  may  only 
appear  at  intervals.  The  latter  class  of  fault  is  indicated 
by  prefixing  the  word  "  intermittent  "  to  the  description  of 
the  fault.  For  instance,  the  terms  "  intermittent  contact " 
or  **  tapping  contact  "  mean  a  contact  which  only  occurs  at 
intervals. 

Preliminary  Notes. 

Localization  tests  are  considerably  facilitated  by  the  use 
of  the  test  box  galvanometer  and  its  accompanying  switch. 
The  details  of  this  instrument  will,  however,  more  suit- 
ably follow  the  description  of  the  tests  themselves,  since  it 
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Fig.  849.— Localizing  an  earth  ttmlt 


will  then  only  be  necessary  to  indicate  how  the  switch 
effects  the  various  connections  required  for  localizing  each 
type  of  fault. 

The  name  of  every  office  is  abbreviated  by  allotting  codes 
consisting  of  either  two  or  three  letters  ;  for  instance,  TS, 
GWy  BE,  and  SSZ  denote  respectively  London,  Glasgow, 
BeKast,  and  Hanley.  Where  more  than  one  circuit  is  pro- 
vided between  the  same  pair  of  terminal  offices  the  circuits 
are  distinguished  by  numbering  from  1  upwards.  For 
instance,  TS-GWo  denotes  the  second  circuit  between 
London  and  Glasgow.  A  similar  procedure  has  been 
adopted  in  the  case  of  the  imaginary  No.  3  circuit 
between  A  and  F  which  passes  through  B,  C,  D,  and  E 
en  route. 

Earths. 

In  order  to  localize  an  earth  fault  the  line  is  successively 
disconnected  at  the  various  testing  points,  and  it  is  then 
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ascertained  up  to  whicli  point  the  circuit  is  perfect  and 
beyond  which  point  it  is  defective.  For  this  purpose  an 
earthed  battery  and  galvanometer  are  joined  to  the  wire  as 
shown  in  Fig.  349.  The  wire  is  first  disconnected  at  F, 
and  the  degree  of  the  fault  judged.  Where  the  fault  is  of 
a  very  slight  character  its  resistance  is  indicated  by  stating 
the  number  of  tangent  divisions  observed  under  the 
conditions  of  Fig.  347  (Chapter  XIX).    . 

Leaving  the  wire  disconnected  at  F,  E  is  next  requested 
to  "  dis.  -A-Fg."  Upon  receipt  of  this  reply  from  E 
("A-F3  dis."),  the  wire  is  again  tested  by  applying  the 
earthed  battery  and  galvanometer.  In  the  present  case  the 
galvanometer  is  deflected,  thus  indicating  that  the  fault 
exists  between  A  and  E,  D  is  now  requested  to  disconnect 
the  circuit,  and  upon  again  testing  the  earth  fault  has  dis- 
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Fio.  350.— Lucallzing  a  disconnection. 

appeared.     In  other  words  the  circuit  is  clear  A  to  D,  but 
faulty  A  to  S,  therefore  the  fault  is  between  D  and  E. 

In  the  case  of  earth  faults  it  is  advisable  to  have  the 
circuit  successively  disconnected  from  the  terminal  towards 
the  testing  station.  If  this  is  done  there  is  no  need  to 
await  replies  that  the  circuit  has  been  joined  through  by 
the  various  offices.  For  example,  let  the  test  be  made  in 
the  other  direction.  After  B  disconnects  it  would  be 
necessary  to  await  B's  reply  to  the  request  to  put  the 
circuit  through  before  the  next  test  could  be  made. 

Disconnections. 

The  various  offices  en  route  are  successively  requested  to 
earth  the  wire  and  the  earthed  battery  and  galvanometer 
applied  as  in  the  case  of  earth  faults.  In  the  present 
instance  the  presence  of  a  deflection  proves  the  continuity 
of  the  circuit  between  the  two  testing  points,  whilst  the 
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absence  of  a  deflection  denotes  the    presence   of  a   dis- 
connection in  the  section  under  test. 

A  central  office  may  be  asked  to  earth  the  wire  so  as  to 
reduce  the  number  of  tests  required.  An  example  of 
the  procedure  in  localizing  a  disconnection  upon  A-F^ 
may  be  of  service. 

Message  sent.     To  C,     Earth  A-F^.     From  A. 

Reply  received.     To  A.     A-Fo  earthed.     From  C. 

Test.  Deflection  results,  therefore  the  circuit  is  clear 
between  A  and  C. 

Message  sent.     To  C.     Put  A-F^  straight.     From  A. 

Message  sent.     To  D.     Earth  A-F^.     From  A. 

Reply  received.     To  A.     A-F.2  straight.     From  C, 

Reply  received.     To  A.     A-Fg  earthed.     From  D. 

Test.  No  deflection,  therefore  the  fault  is  between  A 
and  D.  In  conjunction  with  the  first  test  this  proves  the 
fault  to  be  between  C  and  D. 

Messages  sent.  The  officers  responsible  for  the  defective 
section  of  line  are  advised/ 

Message  sent.     To  D.     Put  A-F^  straight.     From  A. 

Reply  received.     To  A.     A-Fg  straight.     From  D. 

Contacts. 

It  should  first  be  ascertained  that  the  contact  is  not  in 
the  leads  from  the  instrument  to  the  test  box.  If  such 
were  the  case  the  instruments  would  of  coui-se  affect  each 
other  when  both  wires  were  disconnected  at  the  test 
box.  In  large  offices,  where  the  instruments  are  beyond 
view  from  the  test  box,  the  instniment  side  should  be 
tested  in  the  same  way  as  the  line. 

To  test  for  a  contact  an  earthed  battery  is  connected  to  one 
line  and  an  earthed  galvanometer  to  the  other.  If  the  two 
wires  are  in  contact  the  galvanometer  is  deflected.  A  battery 
and  galvanometer  joined  in  series  {i.e.  without  an  earth 
connection)  with  the  lines  is  not  satisfactory,  for  the  reason 
that  an  earth  fault  upon  each  of  the  lines  would  give  the 
same  result  as  a  (Contact  and  a  wrong  locality  could  very 
easily  be  given.  The  condition  is  illustrated  in  Fig.  351, 
where  a  wire  going  due  west  would  be  found  to  be  in 
contact  wnth  one  going  due  east,  whereas  two  earth  faults 
only  exist.  If  two  such  wires  wfere  found  to  be  in  contact 
the  fault  could  only  be  in  the  leads  from  the  test  box  to  the 
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two  routes,  or  possibly  the  wires  might  travel  together  in  a 
common  direction  for  a  short  distance,  thus  the  length  in 
which  such  a  fault  could  occur  would  be  well  known  to 
engineering  officers.  The  addition  of  the  earth  connection 
between  the  galvanometer  and  the  battery,  as  in  Fig.  352, 
ensures  that  a  deflection  shall  result  only  when  the  two 
wires  under  test  are  in  contact. 

An  example  of    a  localization  test  taken    from  C    is 
appended,  together  with  the  routine  details  {vide  Fig.  352). 
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The  A-Ki  wire  travels  with  the  C-ilfg  wire  between  C  and 
H,  passing  through  D,  E,  F,  and  G  en  route. 

1.  Message  sent.  To  H.  Dis.  A-K^  and  C-M^.  From  C. 
Reply  received.  To  G.  A-K^  and  C-M^  dis.  From  H. 
Test.     Deflection.     Fault  exists  between  C  and  if. 
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Fio.  352.— Localizing  a  contact. 

2.  Message  sent.     To  G.     Dis.  A-K^  and  G-M^. 

Reply  received.    To  C    A-Ki  and  G-M2  dis.    

Test.     Deflection.     Fault  exists  between  G  and  G 

3.  Message  sent.   To  G.   Join  up  A-K^  and  C-Mg-   From  G. 
Message  sent.     To  E.     Dis.  A-K^  and  G-'M2. 
Reply  received.     To   G.     A-K^   and    G-M^ 

From  G. 
Reply  received.    To  G.    A-Ki  and  C-Mg  dis. 
Test.     Deflection.     Fault  exists  between  G  and  E. 

4.  Message  sent.   To  ^.   Join  up  A-Ki  and  C-Afg.   From  (7 


From  G. 
From  G. 


From  G. 
through. 

From  E. 
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sent.     To  D.     Dis.  A-K^  and  C-M^.     From  C. 
Reply  received.      To  G.     A-Ki    and    C-M2    through. 

From  E. 
Reply  recewed.    To  C.    A-K^  and  C-Af2  dis.    From  D. 
Test.    No  deflection,  therefore  the  fault  exists  between 
D  and  E. 
5.  Message  sent.     To  D.     Join    up    -A-jSTi    and    C-A/j. 
From  C. 
Reply  received.      To  C     -A-X^  and    C-Mj    through. 

FromD. 
Test.     The  continued  existence  of  the  fault  may  be 
verified  as  the  wires  are  still  disconnected  at  U, 
Messages  sent.     The  offices  responsible  for  the  defective 
section  are  advised  **  A-X^  and  C-Mg  contact  D  and 

Either  of  the  two  wires  may  be  worked  by  disconnecting 
the  other,  and  if  it  were  decided  to  work  A-K^,  then  H 
w^ould  be  advised  to  put  this  through,  and  O-Mg  would  be 
left  disconnected  at  the  box  or  disconnected  at  D  and  E, 
If  a  spare  line  between  D  and  ?J  is  available  a  cross  could 
be  made  and  both  circuits  worked. 

It  is  the  practice  to  periodically  test  all  faulty  circuits  to 
see  if  the  fault  has  been  removed,  thus  ensuring  that  the 
wires  shall  not  needlessly  remain  idle. 

It  win  be  seen  that  localization  tests  are  of  an  extremely 
simple  character,  but  the  care  with  which  they  should  be 
performed  can  hardly  be  understated.  A  mis-test,  i,  e,  the 
reporting  of  a  fault  to  exist  in  a  wrong  section,  entails  the 
examination  of  that  section  by  the  lineman,  and  it  may 
not  be  found  out  that  a  mistake  has  been  made  until  it  is 
too  late  to  get  the  fault  removed  upon  the  same  day. 
Again,  where  a  large  number  of  tests  are  being  made,  the 
work  must  be  done  systematically,  and  attention  is  directed 
to  the  importance  of  receiving  replies  that  particular 
operations  have  been  performed  before  proceeding  further 
with  tlie  tests.  Moreover,  a  considerable  local  knowledge 
of  the  routes  taken  by  the  various  circuits  is  highly 
desirable,  as  it  tends  to  expedite  the  process  of  testing  and 
advising  the  existence  and  locality  of  faults. 

Intermittent  Faults. 
Faults  of  this  class  require  the  very  greatest  care  ia 
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localization  in  order  to  avoid  mis-tests.  They  are  localized 
in  precisely  the  same  manner  as  the  permanent  faults 
already  dealt  with.  If  the  fault  is  an  intermittent  earth 
the  circuit  is  disconnected  successively  and  it  is  ascertained 
by  carefully  watching  for  its  re-appearance  that  it  occurs 
when  the  wire  is  disconnected  at  one  point  and  does  not  do 
so  when  the  disconnection  is  one  office  nearer  the  testing 
station. 

Where  the  wire  cannot  be  given  up  for  prolonged  tests 
the  locality  may  be  ascertained  by  crossing  successive 
lengths  of  the  circuit  with  those  of  another  circuit  known 
to  be  in  perfect  condition. 

For  example,  let  A-F^  (Fig.  349)  be  the  faulty  circuit  and 
let  A-Fg  (Fig.  350)  be  known  to  be  in  perfect  condition. 
It  is  assumed  that  the  fault  does  not  very  seriously  affect 
the  circuit  and  that  the  traffic  is  so  heavy  as  to  render  it 
inconvenient  to  give  up  the  circuit  for  testing  purposes. 

The  following  notes  contain  a  summary  of  the  operations 
involved : — 

1.  jB  is  requested  to  cross  A-Fg  and  A-F^  at (a  time 

is  given  such  that  the  message  can  easily  be  attended  to  at 
the  time  stated). 

2.  At  the  given  time  B  makes  the  cross  and  A  also 
crosses  the  two  lines.  If  the  fault  re-appears  on  A-Fj  the 
fault  is  beyond  B. 

3.  C  is  next  told  to  cross  the  wires,  and  at  the  time  given 
this  cross  is  made  and  the  wires  put  straight  at  A.  If  the 
fault  now  appears  on  A-F2  it  is  evident  that  it  is  between 
B  and  C. 

If  the  crosses  are  made  rapidly  and  punctually,  the 
circuits  should  not  be  interrupted  for  more  than  one 
minute  for  each  cross.  Generally  speaking,  this  method 
finds  little  favour,  and  it  is  only  adopted  when  the  faulty 
circuit  cannot  be  spared  and  a  wire  cannot  be  given  up  to 
cross  with  it. 

Covered  Wire  Faults. 

Earth  faults  upon  covered  wire  circuits  have  certain 
well  known  and  distinctive  symptoms  which  differentiate 
them  from  faults  upon  aerial  lines.  A  wire  may  be  found 
to  be  below  standard  when  tested  in  the  morning,  and  with 
a  small  power,  say  10  or  even  20  cells,  the  circuit  may 
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appear  to  be  almost  perfect,  although  giving  a  better  result 
with  a  positive  than  with  a  negative  current.  If  the  power 
is  increased  to  100  volts  there  is  a  marked  difference  in 
the  insulation  when  tested  with  positive  and  negative 
currents  respectively.  With  the  former  the  wire  appears 
fairly  good,"  but  almost  to  fidl  earth  with  the  latter. 
Immediately  the  negative  current  is  applied  the  deflection 
gradually  increases  in  value  until  a  condition  approaching 
full  earth  is  observed.  By  reversing  the  battery  the  deflec- 
tion just  as  gradually  falls,  indicating  a  greatly  increased 
resistance. 

The  explanation  of  the  phenomenon  is  that  a  current 
flowing  from  the  wire  through  the  fault  to  earth  forms  an 
oxide  of  copper  at  the  fault.  This  oxide,  being  an  insulator, 
covers  up  and  more  or  less  perfectly  insulates  the  fault. 
The  reverse  current,  upon  the  otlier  hand,  reduces  the  oxide 
and  keeps  the  wire  clear,  so  decreasing  the  resistance  of  the 
fault. 

It  will  be  noticed  that  in  nearly  all  tests  the  zinc  or 
negative  pole  of  the  battery  is  connected  to  line,  so  that  any 
covered  faults  may  not  be  masked  by  the  insulating  action 
which  would  result  from  the  use  of  a  positive  current. 

Frequently  a  covered  fault  will  wholly  prevent  the  work- 
ing of  a  long  circuit,  whilst  it  would  have  little  or  no  effect 
upon  the  working  of  a  very  short  or  local  circuit.  In  such 
cases  a  cross  at  the  office  and  the  end  of  the  underground 
section  will  be  highly  beneficial,  since  the  local  oflSce  has 
only  a  very  small  power  and  also  because  the  effect  of  a 
fault  is  felt  far  less.  The  effect  of  a  fault  of  say  1000"  re- 
sistance would  be  comparatively  slight  upon  a  local  circuit 
with  a  line  resistance  of  50"  or  100",  whilst  its  effect  upon 
a  circuit  of  2000"  resistance  would  be  such  as  to  produce  a 
total  stoppage. 

The  practice  of  testing  covered  faults  with  very  large 
powers  (such  as  100  Bichromates)  is  to  be  deprecated,  since 
it  is  likely  to  result  in  the  development  of  several  other 
minor  defects  into  pronounced  faults.  Such  a  power,  if 
applied  to  an  Atlantic  cable,  would  probably  be  quite 
sufficient  to  develop  enough  faults  to  occupy  a  cable-ship 
for  years. 
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Test  Box  Detectors. 

The  various  tests  described  are  greatly  facilitated  by  the 
use  of  the  "Test  Box  Detector"  (Fig."  353).  The  galva- 
nometer is  of  the  ordinary  pattern,  but  a  switch  is  added 
for  the  establishment  of  the  various  connections  with  the 
testing  battery.  This  switch  consists  of  four  quadrants 
within  a  ring,  and  so  arranged  that  any  quadrant  may  be 
plugged  to  the  ring  or  any 
quadrant  may  be  connected 
to  the  quadrant  horizontally 
or  vertically  opposite,  but 
not  diagonally.  The  four 
terminals  marked  C,  G,  Ey 
and  Zj  are  joined  up  at  the 
back  of  the  instrument  in 
the  manner  shown,  whilst 
the  three  lower  terminals  are 
used  for  the  various  tests. 

The  resistance  of  the  Test 
Box  Detector  is  200"  and  its 
figure  of  merit  is  306  m.a., 
with  whicli  it  should  deflect 
to  between  20°  and  30°. 
With  20  Daniell  cells  a  full 
deflection  would  result 
through  about  2000". 

The  combinations  which 
may  be  effected  are  as 
follows : — 

1.  To  send  a  negative  cur- 
rent, plug  C  and  earth  and 
Z  and  G.  The  wire  is  then 
connected  to  the  right-hand  terminal. 

2.  To  send  a  positive  current  plug 
C  and  G. 

3.  To  receive  an  earthed  current  plug  G  and  E  and 
connect  the  right-hand  terminal  to  the  wire  upon  which  the 
current  is  to  be  received. 

4.  To  observe  a  current  upon  a  through  wire  the  right 
and  centre  terminals  are  connected  to  the  two  sides  of  the 
circuit  and  all  the  plugs  removed. 


TO  SBNO  A 

-cuancNT 


TO  TMT  ro^   TO  MtetlVK 
CONTACT       A  CUfWENT 


Fio.  353.— Teat  box  detector. 


Z  and  earth  and 
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5.  To  test  for  contact  plug  X  and  Z,  C  and  earth,  and  G 
and  earth,  the  test  being  made  by  connecting  the  faulty 
wires  to  two  outer  terminals. 

The  arrangement  which  is  used  upon  one-panel  test 
boards  of  the  switch-spring  pattern  is  shown  in  Fig.  354. 
The  galvanometer  is  of  the  test  box  pattern  termed  a  "  test 
box  detector  C,"  and  the  7-test-hole  tablet  is  mounted 
alongside.     Each  test  hole  is  connected  and  lettered  as 

indicated  in  the  figure, 
and  consideration  will 
show  that  any  of  the  com- 
binations required  may 
readily  be  obtained  by  the 
aid  of  the  U-links. 

Upon  switch  -  spring 
boards  larger  than  the 
one-panel  size  a  test  tablet 
having  22  test  holes  is 
placed  upon  the  rail 
between  the  panels.  The 
upper  portion,  containing 
8  test  holes,  is  used  for 
connecting  the  tangent 
galvanometers  and  Wheat- 
stone  bridges  to  the  lines 
for  periodic  and  special 
tests.  The  lower  set  of  8 
holes  is  connected  to  the 
test  box  speaking  sets  and 
calls  for  no  further  com- 
ment. The  central  tablet 
provides  precisely  the 
same  facilities  as  the  7-t^st-hole  tablet  just  considered,  and 
the  method  of  making  the  various  combinations  should  be 
quite  apparent  from  Fig.  355.  The  galvanometer  is  of  the 
ordinary  differential  pattern  and  is  mounted  upon  a  turn- 
table bracket  above  the  test  hole  tablet  (see  Fig.  316). 

In  telephone  trunk  exchanges,  the  7-test-hole  tablet 
allied  with  a  differential  galvanometer  is  frequently  em- 
ployed ;  the  connections  are,  however,  slightly  different  to 
those  previously  considered,  but  as  tliey  are  indicated  by 
the  engraving,  and  since  the  arrangement  has  seldom,  if 


Fio.  854.— Test  box  detector  *'  C  "  and 
7-te8t-hole  tablet. 
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ever,  been  used  upon  telegraph  test  boards,  it  will  suflBce  to 
mention  its  existence.  Yet  another  method  of  connection 
has  been  adopted  upon  the  testing  case  in  the  test  and 
cross-connection  frame  chamber,  but  this  is  largely  due 
to  the  fact  that  both  telegraph  and  telephone  circuits  are 
provided  for. 


TO  SEND  A- CURRENT 


TO  TEST  FOR  CONTACT 


— TJIUp- 
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TABLET 

®    2@ 

22TEST- 
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O  3  @ 

o  ^  @ 

TO  RECEIVE  A  CURRENT 

Fio.  855.— Test  tablet  (22-teBt-hole)  utted  iipon  the  larger  switch  spring  test  boards. 
Connections  required  for  localization  testing  are  shown  on  the  left 


Causes  Which  Produce  Faults. 

As  a  conclusion  to  this  section  of  the  chapter  it  will  be 
of  interest  to  briefly  consider  the  causes  which  produce 
faults  upon  the  lines.  The  explanations  will,  however, 
assume  some  knowledge  of  the  subsequent  chapters,  and 
this  section  may  with  advantage  be  re-read  after  construc- 
tion has  been  considered.  Faults  upon  aerial  lines  will  be 
dealt  with  before,  and  separately  from,  underground  faults. 

With  earth  faults  the  degree  is,  of  course,  often  dependent 
upon  the  climatic  conditions,  and  a  fault  which    in  fine 
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weather  is  slight  may  become  full  or  total  in  wet 
weather.  Moreover,  the  longer  the  circuit  the  greater  is 
the  deleterious  effect  of  an  earth  fault  of  given  resistance. 
Its  effect  also  varies  with  its  position,  being  most  felt  when 
in  the  centre  and  least  when  at  the  ends  of  the  circuit. 

A  full  earth  may  be  produced  by  the  line  wire,  released 
from  the  insulator,  touching  the  earth  wire  upon  the  arm 
or  by  contact  with  any  part  of  the  metal  upon  an  iron  pole. 
The  same  effect  results  from  the  line  wire  coming  into 
contact  with  anything  which  forms  a  good  earth  connection, 
such  as  a  stay  wire.  With  iron  wire  circuits  the  binding 
sometimes  gives  way,  due  to  corrosion,  and  the  effect  of  the 
wind  releases  the  line  wire.  Again,  the  insulator  may  be 
broken  by  stone-throwing,  a  practice  which  cannot  be 
entirely  stamped  out,  notwithstanding  the  efforts  of  the 
police  and  the  frequent  prosecutions  which  result. 

Much  difficulty  is  caused  by  the  proximity  of  trees,  and 
in  wet  weather  a  very  pronounced  fault  may  be  caused 
by  the  line  wires  becoming  entangled  with  the  branches. 
Along  country  roads  it  is  most  difficult  to  avoid  the  trees 
which  overhang  the  footway,  and  occasionally  some  difficulty 
is  experienced  in  obtaining  permission  to  cut  away  the 
branches  which  jeopardize  the  satisfactory^  working  of  the 
circuits.  Serious  break-downs  resulting  in  the  total 
stoppage  of  a  route  are  usually  caused  by  trees  being 
uprooted  by  a  gale  and  blown  over  upon  the  line. 

Earth  faults  of  a  slight  character  are  often  caused  by 
broken  or  cracked  insulators — usually  the  result  of  stone- 
throwing.  When  the  line  wire  is  released  and  rests  upon 
a  dry  portion  of  the  wooden  arm,  remote  from  the  earth 
wire,  the  resultant  fault  is  not  of  a  very  pronounced  char- 
acter. Similar  remarks  apply  to  contacts  between  the 
wires  and  the  branches  of  a  tree.  In  fine  weather  these 
defects  are  of  a  slight  character,  but  during  the  prevalence 
of  rain  become  much  more  pronounced. 

Intermittent  faults  are  produced  by  any  of  the  causes 
mentioned,  but  the  conditions  are  varied  by  the  wind 
causing  the  wire  to  move.  A  wire  may  be  blown  into 
contact  with  a  stay  by  each  gust  of  wind,  or  conversely 
the  stay  may  be  brought  into  contact  with  the  line  by 
boys  swinging  upon  the  stay  wire  or  by  cattle  rubbing 
against  it.     Again,  the  gusts  of  wind  may  blow  the  wires 
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into  contact  with  the  branches  of  a  tree,  for  it  must  be 
remembered  that  the  wires  may  be  s\vung  outwards  to  a 
distance  almost  equal  to  the  amount  of  their  sag  or  dip. 
Some  of  these  intermittent  faults  result  from  the  most  extra- 
ordinary and  unlooked  for  causes,  but  it  would  scarcely  be 
profitable  to  give  a  long  list  of  these  happenings. 

Contacts  are  produced  by  defective  regulation  of  the 
wires  or  by  a  wire,  released  from  its  binding,  making 
contact  with  one  of  the  other  lines.  Also,  contacts  very 
frequently  result  from  pieces  of  wire,  chain,  kite-strings, 
etc.,  being  thrown  over  the  wires.  If  a  piece  of  wire  or 
chain  lies  upon  the  roadway  it  is  only  a  question  of  how 
long  it  will  be  before  it  is  thrown  on  to  the  wires,  and 
this  is  why  telegraph  foremen  and  linemen  are  so  careful 
never  to  leavaany  odd  pieces  of  wire  upon  the  road.  In 
wet  weather  string  and  cotton  produce  a  fairly  effective 
contact. 

The  absence  or  defective  condition  of  the  earth  wires 
upon  a  long  line  produces  "  weather  contact  "  (</.t?.),  whilst 
a  defective  earth  at  a  telegraph  office  results  in  an  ap- 
parent contact  between  all  the  circuits.  Slight  contacts 
are  usually  produced  by  substances  of  low  conductivity 
being  thrown  across  the  wires.  In  one  case  (in  England) 
such  a  fault  was  found  to  be  caused  by  the  dead  body 
of  a  snake ! 

Intermittent  contacts  usually  result  from  the  action  of 
the  wind,  and  the  wires  are  blown  together  at  each  gust,  or 
a  chain  or  a  piece  of  wire  depending  from  one  wire  swings 
into  contact  with  another.  But  little  imagination  is  needed 
to  indicate  how  many  possible  variations  of  these  effects 
may  produce  faults. 

A  disconnection  is  caused  by  the  breakage  of  the  wire, 
which  may  be  due  to  defective  joints,  defective  regulation, 
natural  decay  of  the  wire  produced  by  the  action  of  the 
elements  or  by  chemical  fumes  with  which  the  air  in  the 
particular  locality  is  laden.  Again,  the  wires  may  be 
broken  during  blasting  operations,  near  rifle  ranges,  or 
by  trees,  chimneys,  or  other  objects  falling  upon  the  line. 
Defective  joints  are  comparatively  rare,  but  it  is  open  to 
some  question  whether  defective  regulation  is  equally  rare 
as  the  primary  cause  of  fractures.  It  will  usually  be  found 
that  workmen  pull  the  wires  up  too  tightly,  with  the  result 


622  TELEGRAPHY 

that,  in  very  cold  weather,  a  serious  stress  results.  When 
the  renewal  of  the  wire  has  been  too  long  delayed  breakages 
occur  at  the  weakest  positions,  but  it  may  be  pointed  out 
that,  if  the  gauge  of  a  wire  is  uniformly  reduced  by 
oxidation,  the  factor  of  safety  remains  unaltered,  because 
the  weight  of  the  wire  per  imit  length,  and  therefore  the 
stress  upon  it  are  both  correspondingly  lessened.  With 
copper  wire  erected  in  country  districts  oxidation  is 
practically  unknown,  but  in  course  of  time  (20  to  30 
years)  the  wire  becomes  very  brittle  and  breakages  residt. 
Where  the  air  is  laden  with  fumes  fi'om  chemical  works 
the  wire,  of  course,  decays  much  more  rapidly. 

Yet  another  cause  of  trouble  is  the  accumulations  of  snow 
and  ice  which  adhere  to  the  wires,  thereby  very  greatly 
increasing  the  stress  upon  them.  It  is,  however,  only  in 
acute  cases  that  the  wires  are  broken,  but  it  is  often  neces- 
sary to  cut  and  regulate  them  when  the  snow  and  ice  have 
disappeared. 

Kinks  in  the  wire,  due  to  careless  handling  in  erection, 
and  flaws  or  defects  in  manufacture  may  produce  fractures, 
but  these  causes  do  not  often  operate  owing  to  the  efficiency 
with  which  the  work  is  carried  out  and  the  care  with  which 
the  various  tests  are  made  at  the  manufactory  before  the 
wire  is  accepted. 

If  the  fallen  wire  rests  upon  dry  ground  the  resulting 
earth  may  be  slight,  but,  usually,  the  line  is  to  almost  full 
earth  and  frequently  in  falling  it  makes  contact  with  other 
wires  below  it. 

A  slight  fault,  i.  e.  defective  continuity,  may  be  produced 
by  an  unsoldered,  or  badly-soldered,  joint — the  former  often 
resulting  from  the  omission  to  make  good  after  a  temporary 
repair. 

In  every  case  dealt  with  so  far,  attention  has  been 
directed  to  the  line  itself,  but,  in  addition,  there  are  the 
pole  test  boxes,  ordinary  test  boxes,  lightning  protectors 
and  fuses  en  route.  Total  and  partial  disconnections  may 
be  caused  by  broken  or  loose  connections  at  any  of  these 
points.  Earths  are  frequently  found  in  the  protectors, 
especially  after  thunderstorms.  Again  the  leaders  may  be 
defective,  but  the  possible  causes  are  so  many,  and  the 
actual  number  of  faults  so  small,  that  a  catalogue  of  all  the 
ills  to  which  a  line  is  subject  is  quite  unnecessary. 
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As  regards  underground  wires,  the  section  dealing  with 
these  wires  in  Chapter  XXII  needs  but  little  addition. 
With  G.P.  covered  wires  the  insulation  perishes  in  course 
of  time,  so  producing  earth  faults  and  contacts,  whilst  the 
fracture  of  the  conductors  is  usually  due  to  nicking  the 
wire  during  jointing.  It  may  be  added  that  percha  is 
highly  inflammable,  hence  a  route  may  be  broken  down  by 
a  fire  in  a  street  box,  due  to  the  overturning,  or  careless 
use  of  a  lamp.  Similarly  a  fire  built  over  a  box  has  been 
known  to  melt  the  G.P.  and  so  put  the  whole  of  the  wires 
in  contact. 

With  air  space  cables  the  chief  danger  is  from  moisture 
entering  the  cable  due  to  defective  plumber's  joints  or  the 
sheathing  being  pierced  by  picks  or  wedges  when  taking 
up  the  footway.  Faults  are  extremely  rare,  but,  when  they 
do  occur,  serious  difficulties  result  owing  to  the  large 
number  of  wires  concerned.  Frequently,  by  careful  ob- 
servation of  the  special  tests,  defects  may  be  traced  and 
removed  before  they  have  affected  the  working  of  the 
circuits. 


PART  II.    THE  MAKING  GOOD  OF  FAULTY  CIRCUITS, 
SPECIAL  ARRANGEMENTS,  AND  EARTH  CURRENTS. 

Symbols  used  for  Lines  and  Apparatus  upon  Pijins. 

In  order  to  represent  the  various  classes  of  apparatus  in 
use  upon  the  circuits,  the  symbols  shown  at  the  base  of 
Fig.  356  are  employed,  and  in  the  preparation  of  circuit 
plans  different  colours  are  employed  as  follows : — Green, 
Post  Office  apparatus  ;  Red,  apparatus  in  railway  telegraph 
offices  ;  Black,  apparatus  upon  private  wires  ;  Black  dotted, 
apparatus  provided  by  a  renter,  but  maintained  by  the  Post 
Office.  The  lines  themselves  are  indicated  by  coloured 
lines  as  under  : — 

upon  maps. 

Open      lines  on  roads  and  canals  .         .         .  Green. 

„  „      ,,    railways        ....  Red. 

Covered    „      „  roads,  canals,  and  railways,  in 

pipes.  Blue  tint. 

n  >>         ))  Ji  n  >>  »>  ^'^ 

boxing.     Brown  tint. 
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Upon  circuit  plans  telegraph  and   telephone  lines  are 
distinguished  by  dotting  the  latter  circuits. 

The  "Making  Good"  of  Faulty  Circuits. 
As  previously  stated,  it  is  frequently  possible  to  "  make 

A  B  V^^     C D  Q, 

'^nrai      \/      7:02        \/    A-Qi ^=^ 

^  A-oa   y\    A-Di      y\  A02.  ^ 

WHEAT5T0NE  AUTOMATIC Q 

RECEIVER IZI 

TRANSMITTER El 

REPEATER = (=3 

PRINTER ■ 

HUGHES a 

SOUNDER > 

DOUBLE  PLATE  SOUNDERorBRIGHT^BELL-  A 

SINGLE  NEEDLE •  C^cousT.c•^!?9 

ALPHABETIC 0(VVrrMBetLO«) 

RECORDER O" 

CONCENTRATOR_SWITCH  Specify AP««^u^|[|]2Si 

■  CONCE.NTRATOR    £  ABC 


# 


QUADRUPLEX  

FORKED 

DIPL  EX B 

NEEDLE  SOUNDER  &  POLARISED  SOUNDER  -  @ 
A  Duplex  se.t  is  shewn  by  adding  +  to  the 

ORDINARY   SYMBOL,  thus:—        >+      [=^ 

Fio.  356w— Making  good  a  faulty  circuit,  alao  symbols  used  to  represent  various 
forms  of  apparatus. 

good"  a  defective  long  circuit,  by  crossing  the  faulty 
section  with  that  of  a  shorter  circuit  without  seriously 
affecting  the  working  of  the  latter.  Such  a  case  is  illus- 
trated in  Fig.  356,  where  the  lines  between  B  and  C  have 
been  crossed  so  as  to  make  A-Q^  good  by  throwing  the  fault 
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on  to  the  short  A-D2  circuit.  Crosses  at  the  test  boxes  at 
B  and  0  would  be  made  in  the  manner  previously  described 
(see  Fig.  312). 

One  good  circuit  may  frequently  be  formed  from  two 
defective  ones  by  the  insertion  of  suitable  crosses.  Such  a 
case  is  shown  in  Fig.  357,  where  No.  1  wire  has  been  made 
good  with  the  B-C  length  of  No.  2.  There  is  some  advan- 
tage in  throwing  both  faults  on  to  No.  2,  and  putting  the 

A  B  CD 


MS  2. 


x__x 


Fio.  857.— Making  one  good  circuit  from  two  fiinlty  ends. 


wire  through,  since  in  this  way  the  faults  may  be  kept 
imder  observation. 

As  an  example  of  a  case  which  may  arise  in  practice, 
suppose  that  a  London-Belfast  wire,  relayed  at  Preston  and 
passing  through  Carlisle,  is  faulty  between  Stafford  and 
Preston,  whilst  a  London-Glasgow  wire  (going  vici  Leeds) 
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Fio.  858.— Making  good  a  fitulty  circuit. 

is  faulty  between  Carlisle  and  Glasgow.  The  Belfast  circuit 
would  be  made  good  by  a  cross  at  Carlisle,  and  Leeds 
would  be  asked  to  introduce  a  repeater.  Both  faulty  sec- 
tions would  thus  be  thrown  on  to  the  Glasgow  wire,  which 
would  be  kept  under  observation. 

In  Fig.  358  an  example  is  given  of  a  case  in  which  the 
circuit  serving  A,  B,  C  and  D  is  faulty  between  A  and  B. 
It  is  assumed  that  G  is  an  office  where  testing  facilities  are 
provided,  and  that  a  wire  A-Cg  is  available  for  crossing 
purposes.     By  terminating  the  0  D  section  at  G  and  form- 

s  s 
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ing  an  A-B  circuit  as  indicated  all  the  offices  are  provided 
for,  but  re-transmission  at  C  is  rendered  necessary. 

The  A-Dg  news  wire  serving  JB,  C,  and  D  is  shown  faulty 
between  B  and  C  (Fig.  359),  but  has  been  made  good  with 
A-D^j  which,  however,  does  not  pass  through  B  and  C. 
The  only  change  whic^h  requires  comment  is  that  the  appa- 
ratus at  A  requires  to  be  made  intermediate,  the  G  and  D 
terminals  being  joined  to  A-D2  and  A-D^  respectively.  If 
secondary  cell  working  is  in  vogue  at  A  a  special  set  would 
be  used,  and  the  short  line  joined  to  A-Dg,  the  set  being 
reversed  with  the  peg-switch. 

The  same  result  could  be  obtained  by  forking  the  circuits 
at  ^l,  but  the  method  indicated  is  to  be  preferred  when  an 
intermediate  or  special  set  is  available. 


Fio.  S69.— Making  good  a  faultj  circuit. 


The  Formation  of  Special  Cirouito. 

It  is,  of  course,  quite  impracticable  to  provide  each  office 
with  sufficient  circuits  to  deal  with  every  emergency  which 
may  arise.  There  are,  however,  a  number  of  reserve  wires 
which  may  be  used  for  special  purposes,  such  as  race 
meetings,  speeches,  cricket  and  football  matches,  etc.,  and, 
by  suitably  manipulating  the  various  circuits,  almost  any 
emergency  may  be  provided  for.  In  forming  these  circuits 
the  guiding  principles  are  to  produce  the  minimum  amount 
of  disturbance  to  the  ordinary  traffic  arrangements,  and  to 
use  open  wires  upon  all  long  circuits.  The  work  demands 
a  knowledge  of  tiie  routes  of  the  various  wires,  but  this  is 
a  part  of  the  education  of  ever}'  testing  officer.  If  the 
record  of  the  testing  sections  of  each  wire  (see  page  609)  is 
consulted,  even  this  knowledge  is  scarcely  essential. 

It  frequently  happens  that  only  one  wire  passes  through 
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an  office  where  special  work  is  to  be  dealt  with,  and  that 
this  particular  wire  cannot  possibly  be  given  up.  In  such 
a  case  a  wire  can  usually  be  found  to  make  good  the  circuit 
required.  For  instance,  A-Q^  passing  through  B,  C,  and  D 
can  be  made  available  jjy  crossing  it  with  A-D^  at  A  and 
D.  The  number  of  wires  may  be  doubled  by  terminating 
both  sides  of  a  through  wire  and  doubling  it  back  at 
the  nearest  testing  point  where  a  wire  is  available  for  the 
purpose.  These  considerations  will  be  perfectly  obvious, 
and  as  the  conditions  to  be  met  vary  with  the  circuits  and 
offices  concerned,  there  is  no  advantage  in  illustrating 
specific  cases.  The  guiding  principles  have  been  stated, 
and  local  illustrations  may  readily  be  supplied  by  the 
reader. 

The  battery  power  requisite  to  work  the  circuits  is  found 
as  described  in  Chapter  II,  but  it  may  be  convenient  to 
summarize  a  few  useful  points. 

I.  The    per    mileage    resistance    of    an    iron    wire  = 
5328 


weight  per  mile. 

II.  The   per    mileage    resistance   of    a   copper  wire  = 
878-2 

weight  per  mile. 

III.  (a)  Where  secondary  cells  are  used,  the  E.M.F. 
required  is  the  nearest  value  in  excess  of  that  obtained 
by  multiplying  the  required  current  in  amperes  by  the 
total  resistance  of  the  circuit  (the  resistance  of  one  lamp 
resistance  or  metal-cased  resistance  coil,  as  the  case  may 
be,  must  be  added). 

(h)  Where  primary  batteries  are  used  the  number  of 
cells  required  may  be  found  thus : — 

1.  Ijcclanch^  cells  divide  the  resistance  of  the  circuit 

by  73  if  14  m.a.  and  by  50  if  20  m.a.  required. 

2.  Daniell  cells  divide  the  resistance  of  the  circuit  by 

65  if  14  m.a.,  and  by  44  if  20  m.a.  required. 

3.  Bichromate  cells  divide  the  resistance  of  the  circuit 

by  126  if  14  m.a.,  and  by  87  if  20  m.a.  required. 

The  term  "  resistance  of  the  circuit "  in  b  1,  2,  and  3 
includes  the  resistances  of  the  line  and  apparatus,  but  not 
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the  internal  resistance  of  the  battery,  which  is  taken  account 
of  in  the  rules  given. 

rV.  Covered  wire  should  be  avoided  upon  all  long  cir- 
cuits owing  to  the  reduced  speed  of  working  which  it 
entails.  With  submarine  cable  circuits  the  repeater  should 
be  placed  as  near  to  the  cable  as  possible  (see  page  518). 

The  only  point  which  remains  for  comment  is  that  occa- 
sionally an  emergency  arises  and  sufiScient  battery  power 
is  not  available  at  a  small  office  for  working  over  a  long 
specially  formed  circuit.  This  case  may  usually  be  met 
by  interpolating  a  repeater  at  the  nearest  large  office. 

Earth  Currents. 

Two  similar  metallic  plates  immersed  in  two  different 
electrolytes,  separated  by  a  porous  partition,  will  form  a 
voltaic  couple,  and  therefore  generate  a  current.  There  is 
no  doubt  that  a  slight  current  is  produced  by  the  two  earth 
plates  at  the  ends  of  a  telegraph  circuit,  but  this  effect  is 
of  so  minute  a  character  that  its  effect  upon  the  circuit  may 
be  ignored.  There  are  also  stray  currents  which  are  pro- 
duced by  leakage  from  the  uninsulated  return  conductor 
(the  bonded  rails)  of  electric  tramway  systems.  Since  the 
difference  of  potential  between  any  two  points  upon  the 
system  is  limited  to  7  volts  under  the  Board  of  Trade  regu- 
lations, but  little  trouble  is  experienced  on  this  account. 
There  are  cases,  however,  in  which  local  circuits  having  the 
same  general  direction  as  the  ti^amway  have  been  seriously 
affected.  The  remedy  is  to  increase  the  resistance  of  the 
circuit  by  inserting  a  resistance  coil  and  to  correspondingly 
augment  the  battery  power.  As  the  current  due  to  a  given 
difference  of  potential  is  inversely  proportional  to  the 
resistance,  it  will  be  obvious  that  the  disturbing  current 
may  be  reduced  to  negligible  dimensions.  It  may  be 
added  that  the  leakage  current  varies  from  time  to  time, 
and  that  therefore  an  opposing  battery  cannot  be  inserted 
in  the  line  so  as  to  balance  it. 

It  is  found  that  different  parts  of  the  earth  are  frequently 
at  different  potentials,  and  that  consequently  "  earth  cur- 
rents," as  they  are  termed,  flow  over  the  circuits  between 
the  various  points.  In  the  case  of  very  long  submarine 
cables  these  currents  are  of  sufficient  magnitude  to  make 
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direct  working  quite  impracticable.  For  this,  and  other 
important  reasons,  condensers  are  inserted  at  either  end  of 
the  circuit,  thus  preventing  the  passage  of  a  steady  current 
through  the  cable.  Long  land  lines  and  short  submarine 
cables  are  normally  unaffected  by  earth  currents  and 
provision  against  them  is  unnecessary. 

The  precise  cause  of  earth  currents  has  yet  to  be  dis- 
covered.* There  is,  however,  no  doubt  that  they  are 
always  in  evidence  during  periods  of  "  magnetic  "  storm, 
i.e.  during  periods  in  which  the  declination,  horizontal 
force  and  vertical  force  show  considerable  and  irregidar 
variations.  When  the  aurora,  observed  chiefly  in  the 
Arctic  regions,  is  of  a  rapidly-varying  character  magnetic 
storms  and.  earth  currents  are  invariably  observed.  The 
association  of  sun-spots  with  periods  of  magnetic  storm  has 
been  suggested,  but  evidence  shows  that  several  specially 
large  sun-spots  have  been  unaccompanied  by  magnetic 
storms.  Again,  there  is  no  evidence  of  any  connection 
with  earthquakes  or  other  internal  troubles  of  the  earth 
itself. 

As  none  of  the  theories  which  have  been  given  altogether 
fit  the  observed  phenomena  the  true  cause  is,  at  present, 
quite  an  open  question. 

Generally  speaking,  lines  running  N.E.  and  S.  W.  are  most 
frequently  affected,  whilst  those  running  N.W.  and  S.E.  are 
seldom  disturbed.  A  veiy  severe  magnetic  storm  occurred 
on  November  1, 1903,  and  it  was  accompanied  by  unusually 
large  earth  currents.  In  England,  the  circuits  were  affected 
from  7.0  a.m.  to  8.0  p.m.,  and  for  some  hours  the  service 
was  completely  disorganized.  Earth  currents  up  to  60  m.a. 
were  observed,  whilst  the  direction  and  value  varied  from 
time  to  time.  A  similar  state  of  affairs  occurred  in  Fi-anee, 
and  Paris  was  unable  to  communicate  with  the  greater 
number  of  French  towns,  and  was  also  cut  off  from  com- 
munication with  America,  Spain,  Portugal,  Italy,  Algeria, 
Tunis,  and  many  other  places.  Communication  was  re- 
established on  the  French  lines  at  4.40  p.m.,  but  was  inter- 
rupted at  about  5.30  for  a  short  time.  Working  on  the 
London-Paris  telegraph  cable  was  also  disorganized,  but 
the  Post  Office  submarine  cable  to  Germany  was  less  affected, 

•  See  Electrician,  November  6,  1903,  page  95,  **  The  Magnetic  Storm." 
The  present  account  ia  taken  very  largely  from  this  article. 
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although  there  was  considerable  trouble  on  the  land  lines 
serving  it.  From  New  York  it  was  reported  that  a  bright 
aurora  was  visible  on  the  date  in  question — as  was  also  the 
case  in  some  parts  of  these  islands — and  that  earth  current 
disturbances  were  felt  in  all  directions,  in  some  instances 
causing  a  total  cessation  of  telegraph  business.  According 
to  one  New  York  correspondent  a  voltage  of  675  was 
observed. 

The  long  submarine  cables  were  less  affected  than  the 
land  lines,  and  those  upon  which  condensers  and  siphon- 
recorders  are  employed  were  hardly  disturbed  at  all. 
Where  Morse  working  was  used,  very  considerable  difficulty 
was  occasioned. 


Fia  36a— Working  through  a  condenser  so  as  to  eliminate  earth  cuTTenU. 

The  remedies  against  earth  currents  consist  in  the  use  of 
a  metallic  circuit,  or  in  the  interpolation  of  condensers. 
The  former  remedy  is,  of  course,  a  complete  one  so  far  as 
the  disturbances  are  concerned,  but  it  reduces  the  number 
of  circuits  by  half.  It  is,  moreover,  impossible  to  carry  out 
where  secondary  cell  working  is  employed  owing  to  the 
earth  connections  upon  the  batteries.  In  an  earlier  type  of 
secondary  cell  installation  "  looping  "  mains  were  provided 
for  this  purpose,  but  the  system  cannot  be  worked  between 
two  offices  each  having  secondary  cells,  and  it  was  therefore 
abandoned  in  the  later  system. 

The  second  remedy  (the  insertion  of  a  condenser  in  the 
line)  is  illustrated  in  Fig.  360.  Both  galvanometers,  the 
relay  at  the  sending  end  and  the  key  at  the  receiving  end, 
have  been  omitted  in  order  to  simplify  the  diagram.     The 
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relay  must  be  set  neutral,  since  a  momentary  current  flows 
only  when  tlie  position  of  the  key  is  changed.  Assuming 
that  this  has  been  done,  and  that  the  tongue  of  the  relay  is 
resting  upon  the  left  side,  the  depression  of  the  key  causes 
a  current  to  flow  through  the  line  and  relay  (C7-circle  to  D) 
until  the  charge  of  the  condenser  is  reversed.  The  current 
then  ceases,  but  it  has  already  moved  the  tongue  of  the 
relay  over  to  M,  and  as  the  relay  is  set  neutral  the  mark 
continues  until  the  key  is  released.  When  this  occurs  a 
momentary  spacing  current  results  which  ends  the  mark. 
The  circuit  can  thus  be  worked  with  but  little  trouble.  As, 
however,  the  condenser  prevents  the  passage  of  a  continuous 
current  no  effect  is  produced  either  by  a  steady  or  by  a 
slowly  varying  earth  current. 

For  many  years  it  has  been  common  practice  to  insert 
condensers  in  the  lines  at  relay  stations  during  the 
prevalence  of  earth  currents,  and  no  difficulty  is  ordinarily 
experienced.  In  slight  cases  it  is  frequently  only  necessary 
to  raise  the  resistance  in  the  rheostat  of  the  shunted  con- 
denser upon  Wheatstone  circuits.  It  may  perhaps  be 
noted  that  a  bridge  duplex  circuit  would  be  less  affected 
than  a  differentially  worked  one,  on  account  of  the  relatively 
high  resistance  and  smaller  portion  of  the  received  current 
which  flows  through  the  relay. 


PART  III.    THE  WHEATSTONE  BRIDGE  AND  ITS  USES. 

WHEATSTONE  BRIDGE. 
Principle. 

The  arrangement  termed  a  Wheatstone  Bridge  comprises 
three  sets  of  resistance  coils,  a  battery,  and  a  galvanometer. 
With  the  aid  of  this  apparatus  the  resistance  of  any  line, 
set  of  apparatus,  or  system  of  conductors,  can  readily  be 
measured.  The  three  resistances  are  usually  included  in  a 
single  box,  and  the  term  Wheatstone  Bridge  is  frequently 
employed  to  denote  this  piece  of  apparatus  rather  than  the 
arrangement  as  a  whole. 

The  three  known  resistances  are  joined  up  with  the 
resistance  to  be  measured  and  the  battery  and  galvanometer 


632 


TELEGRAPHY 


as  shown  in  Fig.  361.  The  values  of  these  resistances  are 
then  altered  until  no  deflection  is  observed  upon  the  galva- 
nometer. When  this  is  the  case  the  products  of  the 
resistances  of  the  opposite  sides  are  equal.  In  the  case 
illustrated  :— 160  X  20  =  40  X  80. 

It  will  be  shown  by  numerical  examples  that  when  the 
products  of  the  opposite  sides  are  equal  there  is  no  current 
flowing  through  the  galvanometer,  and  it  will  then  be 
shown  that  when  the  products  are  tmequal  a  current  will 
flow. 


Fio.  S61.— Principle  of  Wheatstone  bridge.    ConditionA  existing  when  a 
balance  has  been  obtained. 


The  resistance  of  the  batteiy  is  assumed  to  be  negligible 
in  order  to  facilitate  the  arithmetical  work.  The  difference 
of  potential  between  C  and  D  is  therefore  the  same  as  the 
E.M.F.  of  the  battery,  viz.  3  volts.  The  galvanometer  may 
for  the  present  be  entirely  ignored. 


Current  through  C  A  D  = 


160  +  80 


=  0125  ampere. 


Current  through  ^^^^  =  777X90"  ^^  ampere. 
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Difference  of  potential  between  C  and  A  =  160  X  "0125. 

=  2  volts. 
C  and  B  =  40  X  05. 

=  2  volts. 
A  and  D  =  80  X  '0125. 

=  1  volt. 
B  and  D  =  20  X  05. 

=  1  volt. 

From  this  it  is  apparent  that  A  and  B  are  at  the  same 

A  . 


EMF   •  S" 

T    -  O 

FiQ.  802.— Out  of  balance. 


potentials,  and  therefore  a  galvanometer  connected  between 
them  will  not  be  affected.  The  negative  pole  of  the  battery 
has  been  considered  to  be  at  zero  potential,  thus  giving  the 
positive  a  potential  of  3  volts.  At  A  and  B  the  potential 
is  1  volt  above  zero  (D),  since  2  volts  is  lost  through  G  A 
and  C  B. 

In  Fig.  362  the  two  lower  resistances  have  been  reversed, 
thus  leaving  the  values  of  the  currents  circulating  in  the 
upper  and  lower  pair  of  resistances  unchanged.  Again 
ignoring  the  presence  of  the  galvanometer  the  following 
results  are  obtained  : — 
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Difference  of  potential  between  G  and  A  =  160  X  '0125. 

=  2  volts. 
C  and  JS  =  20  X  05. 

=  1  volt. 
A  and  D  =  80  X  -0125. 

=  1  volt. 
5  and  D  =  40  X  05. 

=  2  volts. 

Upon  the  same  argument  as  before,  the  potential  at  B  is 
2  volts  whilst  that  at  A  is  1  volt.  There  is  therefore  a 
difference  of  potential  between  A  and  JB,  and  a  galvanometer 
connected  between  them  would  be  deflected. 

It  has  now  been  shown  that  in  a  particular  case  the 
galvanometer  is  undeflected  when  the  products  of  the 
opposite  sides  are  equal,  and,  in  another,  that  it  is  deflected 
when  they  are  unequal.  If  any  other  cases  are  taken  the 
same  results  will  be  obtained. 

The  underlying  principle  of  the  i)roof  which  has  been 
given  may  be  stated  in  the  following  form : — 

1.  When  the  potential  difference  between  C  and  A  bears 
the  same  ratio  to  that  between  A  and  D  as  the  potential 
difference  between  C  and  B  bears  to  that  between  B  and  D 
the  points  A  and  D  are  at  the  same  potential. 

2.  Since  the  current  in  C  A  is  the  same  as  that  in  A  D 
and  the  current  in  0  7?  is  equal  to  that  in  B  D,  the  resist- 
ances C  A  and  A  D  are  proportional  to  the  potential 
differences.     Similar  remarks  apply  to  C  B  and  B  D, 

From  these  statements  it  follows  that  when  the  points 
A  and  B  are  at  the  same  potential, 

CA:AD::CB:  BD. 

In  the  case  of  Fig.  361,  160  :  80  :  :  40  :  20. 

P.O.  Form  of  Wheatstone  Bridge. 

The  three  known  variable  resistances  and  the  unknown 
resistance  are  depicted  in  Fig.  363,  but  in  this  case  the 
resistances  of  the  coils  have  been  given  the  values  which 
are  employed  in  the  Post  Office  pattern  of  Wheatstone 
Bridge.  The  two  sets  of  three  coils  (10-,  100-,  and  1000-) 
are  termed  the  projKjrtionals.  By  means  of  the  16  coils 
which  compose  R  any  resistance  from  1"    to  11,110*   by 


THE  WHEATSTONE  BRIDGE  AND  ITS  USE8     635 

gradations  of  1"  may  be  inserted.  The  resistance  to  be 
measured  is  connected  between  A  and  D  and  forms  the 
fourth  resistance.  Two  keys  are  also  inserted,  one  in  the 
battery  and  one  in  the  galvanometer  circuit,  but  the 
explanation  of  their  purpose  will  be  deferred  to  a  later 
stage.  When  a  balance  has  been  obtained,  i,  e.  when  the 
resistances  in  a,  h  and  R  have  been  altered  so  that  no 
deflection  is  obtained  when  the  battery  and  galvanometer 


Fia.  863.— Arrangement  of  Wheatstone  bridge  related  to  figures  261  and  262. 

are  joined  up  by  means  of  the  keys,  the  products  of  the 

resistances  of  the  opposite  sides  of  the  bridge  are  equal — 

a  X  R  =  h  X  X, 

x=-?-  xR, 


If  a  and  h  are  equal  the  resistance  in  R  is  equal  to 
the  unknown  resistance  x.  If  a  is  1000  and  h  is  10  then 
the  unknown  resistance  is  100  times  that  of  R,  The 
highest  resistance  which  such  a  bridge  can  measure  is 
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therefore  100  X  11,110^  =  llll  megohms.  The  ratio  of 
a  to  6  may  be  made  1, 10, 100,  ^,  or  y^,  thus  theoretically 
providing  for  the  measurement  of  any  resistance  from 
1^**  to  I'll  1  megohms.  Since  all  these  ratios  are  multiples 
or  sub-multiples  of  10  the  value  of  any  resistance  tested 
may  be  written  down  without  calculation.  For  instance,  if 
a  is  100,  h  is  1000,  and  R  is  1536,  when  a  balance  is 
obtained  the  resistance  tested  is  153*6**. 

Referring  to  Fig.  362  it  will  be  seen  that  when  the 
resistance  in  B  D  is  greater  than  the  value  required  to 
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Fia.  864.— Actual  arrangement  of  a  Wheatstone  bridge  of  the  P.  O.  pattern. 

obtain  a  balance  (viz.  10**)  a  current  flows  from  B  to  A. 
If  now  B  D  were  made  nothing  the  potential  of  B  would 
be  that  of  the  negative  pole  of  the  battery,  and  a  current 
would  therefore  flow  from  A  to  jB.  Thus  the  direction  of 
the  deflection  at  once  indicates  whether  the  resistance 
inserted  in  5  D  is  greater  or  less  than  that  required  to 
produce  a  balance. 

The  general  appearance  of  the  bridge  and  its  connections 
are  shown  in  Figs.  364  and  365. 

Practical  Use  of  the  Bridge. 

The  battery  power  required  when  using  the  bridge  in 
conjimction  with  the  horizontal  galvanometer  (Fig.  28)  is 
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usually  about  20  Large  Daniell  cells.  For  testing  insulation 
resistances  30  and  40  cells  may  be  used  wben  the  pro- 
portionals bear  the  ratio  of  10  and  100  respectively.  For 
measuring  very  low  resistances  but  10  cells  should  be 
used.  It  may,  however,  be  pointed  out  that  a  Wheatstone 
Bridge  is  not  a  satisfactory  instrument  for  measuring 
resistances  greatly  below  one  ohm,  owing  to  the  resistance 
which  is  necessarily  introduced  in  the  connections  which 
have  to  be  made. 


Fio.  Sd5.— View  of  a  Wheatstone  bridge. 

In  measuring  a  resistance  by  means  of  the  Wheatstone 
Bridge  the  following  rules  should  be  observed  : — 

1.  The  values  of  the  resistance  inserted  in  the  pro- 
portionals should  be  as  near  to  that  of  the  resistance  to  be 
measured  as  is  possible. 

2.  The  right-hand  (battery)  key  should  be  depressed 
before  the  left  (galvanometer)  key. 

3.  The  battery  shoxdd  be  applied  for  the  shortest  possible 
time. 

4.  In  the  case  of  measurements  of  resistances  containing 
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an  E.M.F.  the  resistance  should  be  measured  with  both 
directions  of  current. 

These  rules  are  obtained  by  mathematical  investigations, 
but  they  may  be  verified  by  taking  a  few  simple  numerical 
cases.  For  instance,  let  the  rheostat  arm  have  a  resistance 
of  101"  with  lOO*  connected  as  the  unknown  resistance. 
It  will  be  found  that  with  a  given  E.M.F.  the  difference  of 
potentiality  across  the  galvanometer  is  much  greater  with 
the  two  lOO"  proportionals  than  with  the  two  10*s  or  the 
two  lOOOs.  Simihirly  it  may  be  shown  that  the  galvano- 
meter will  be  un  deflected  if  the  proportionals  have  no 
resistance,  even  when  the  rheostat  ann  has  no  resistance 
inserted  whilst  the  fourth  arm  is  disconnected. 

Let  it  be  known  that  the  resistance  to  be  measured  is 
between  50O*  and  80O*.  From  Ride  1  the  values  of  the 
proportionals  should  be  1000  each  in  preference  to  10  :  10 
or  100  :  100.  Li  the  present  case  it  will  be  assumed  that 
the  resistance  to  be  tested  is  entirely  free  from  E.M.F. 
Rules  2  and  3  should  be  observed  in  the  case  of  each 
measurement. 

Firstly,  the  infinity  plug  should  be  taken  out  and  the 
keys  depressed.  If  no  deflection  results  eitlier  the  battery 
is  disconnected  or  the  resistance  to  be  measured  is  dis- 
connected. A  deflection  proves  that  the  value  of  the 
resistance  is  less  than  infinity.  The  direction  of  the 
deflection  (usually  arranged  to  be  to  the  right)  indicates 
that  the  resistance  inserted  in  the  box  is  too  great. 

The  following  operations  would  result — 


Resistance  unplugged. 

DedectioD  towards. 

Infinity 

Right 

1000  ohms 

Right 

400    „ 

Left 

600     „ 

Left 

650     „ 

Right 

630     „ 

Left 

640    ,. 

Left 

645     ., 

Right 

643     „ 

Right 
Nil 

642     ,. 

Unknown  resistance  is. 

Between     0  and  infinity. 
Between      0  and  1000  ohms. 

Between  400  and  1000     „ 

Between  600  and  1000     ,. 

Between  650  and 

600     „ 

Between  630  and 

650     „ 

Between  640  and 

650     „ 

Between  640  and 

645     „ 

Between  640  and 

648     „ 

642  ohms. 
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Measurement  of  Resistances  having  Capacity,  Self- 
Inductance,  OR  AN  E.M.F. 

The  battery  and  galvanometer  keys  greatly  facilitate  the 
measurement  of  resistances  having  capacity  or  self- 
inductance.  The  coils  of  the  bridge  are  double- wound  so 
as  to  have  the  minimum  amount  of  self-inductance.  Re- 
ference to  Fig.  363  will  show  that  when  the  resistance 
unplugged  in  ^  D  is  too  little  the  galvanometer  deflects  to 
the  right,  whilst  too  large  a  resistance  produces  a  deflection 
to  the  left.  K  an  electromagnet  having  a  resistance  of 
lOO*  is  placed  in  the  fourth  arm  of  the  bridge  with 
100"  inserted  in  each  of  the  other  arms,  a  perfect  balance 
will  be  obtained  when  the  current  has  attained  its  steady 
value.  By  depressing  the  battery  key  before  the  galvano- 
meter key  ample  time  will  have  been  allowed  for  the 
current  to  rise  to  its  full  value  in  the  electromagnet  and 
the  galvanometer  will  be  unaffected.  If,  however,  the 
galvanometer  key  is  depressed  before  the  battery  key, 
the  galvanometer  will  be  momentarily  deflected  owing  to 
the  E.M.F.  of  self-induction  opposing  the  current.  The 
direction  of  the  kick  will  be  such  as  to  indicate  that  too 
little  resistance  has  been  unplugged  in  the  box. 

When  the  resistance  to  be  measured  possesses  capacity, 
a  rush  of  current  takes  place  into  the  cable  or  condenser 
as  the  case  may  be.  This  upsets  the  balance  in  the  oppo- 
site direction  to  self-induction,  and  the  deflection  therefore 
is  such  as  to  indicate  that  too  much  resistance  has  been 
inserted.  By  depressing  the  battery  key  before  the  galva- 
nometer key  the  current  attains  its  Ohm's  law  value  before 
the  galvanometer  is  applied,  and  therefore  a  perfect  balance 
is  obtained  when  the  four  resistances  bear  the  correct 
relations  to  each  other. 

Having  obtained  a  balance  it  may  be  ascertained  whether 
the  circuit  possesses  capacity  or  self-inductance  by  depress- 
ing the  galvanometer  key  first.  Where  both  are  present 
this  test  is  inconclusive,  since  either  may  predominate  or 
they  may  be  balanced. 

When  the  circuit  under  test  has  an  E.M.F.  in  it  a 
deflection  will  be  observed  when  the  galvanometer  key  only 
is  depressed  (provided  resistances  are  unplugged  in  the 
proportionals).   The  same  effect  may,  however,  be  produced 


640  TELEGRAPHY 

by  defective  insulation  of  the  testing  battery,  but  this  is 
readily  verified  by  disconnecting  the  bridge  from  the  line 
under  test  and  leaving  the  earth  connection.  This  defect 
is  not  uncommon,  especially  where  dry  cells  have  to  be 
used  in  the  open,  but  it  may  be  eliminated  by  standing  the 
cells  upon  a  perfectly  dry  board. 

Reversing  Switch  and  the  Measurement  of  the  Resist- 
ance OF  Earthed  Circuits. 

In  order  to  facilitate  the  reversal  of  the  testing  current 
whilst  preserving  the  meaning  of  the  deflection,  a  revers- 
ing switch  is  mounted  upon  one  end  of  Post  Office  pattern 
bridges  (compare  Figs.  364  and  365).  The  two  lower  quad- 
rants are  respectively  connected  to  the  end  of  the  propor- 
tional arm  C  A  and  to  the  end  of  the  rheostat  arm,  whilst 
the  two  upper  quadrants  are  joined  to  the  upper  x^arts  of 
the  termingds,  the  upper  and  lower  binding  screws  being 
insulated  from  each  other  by  means  of  a  flanged  ebonite 
tube. 

When  the  two  contact  pieces  occupy  the  positions  shown 
in  Fig.  364,  the  upper  and  lower  parts  of  the  two  ter- 
minals are  respectively  joined  togedier.  By  turning  the 
handle  through  90°  the  two  upper  and  the  two  lower 
quadrants  are  joined,  thus  reversing  the  connections  of 
the  line  and  earth  between  A  and  the  end  of  the  rheostat 
arm.  This  reverses  the  direction  of  the  testing  current, 
but  consideration  will  show  that  a  deflection  to  the  left  still 
means  that  too  much  resistance  has  been  inserted.  If  the 
battery  itseU  were  reversed  a  similar  deflection  would  then 
mean  that  too  little  resistance  had  been  inserted.  This 
would  tend  to  confusion  in  making  the  successive  tests,  and 
therefore  the  connections  of  the  line  and  earth  are  reversed 
instead. 

It  has  been  remarked  that  slight  earth  currents  are 
nearly  always  present  upon  telegraph  lines,  and,  when 
measuring  the  conductor  resistance,  it  is  therefore  neces- 
sary to  take  two  measurements,  one  with  each  direction  of 
current.  The  true  resistance  may  then  be  assumed  to  be 
equal  to  the  arithmetic  mean  (sum  di^dded  by  2)  of  the 
two  tests.  Where  the  earth  current  is  such  as  to  produce 
a  considerable  difference  the  geometric  mean  (square  root 
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of  the  product)  should  be  taken,  as  this  is  a  nearer  approxi- 
mation. For  example,  let  the  readings  obtained  be 
1520~  and  1530*,  the  actual  resistance  of  the  circuit  is 
then     1520  +  1530.^1525. 


In  this  case  the  geometric  mean,  i.e.  V1520  X  1530, 
is  practically  the  same.  Had  the  two  tests  given  50^  and 
150*  the  results  obtained  would  differ  considerably,  the 
arithmetic  mean  being  100*'  and  the  geometric  mean 
(V50  X  150)  being  SB'B",  which  is  very  approximately 
correct.  To  summarize,  it  may  be  said  that  where  the  two 
tests  differ  but  little  the  arithmetic  mean  is  sufficiently 
correct,  whilst  in  cases  of  considerable  percentage  difference 
the  results  so  obtained  are  too  large  and  the  geometric 
means  should  be  taken. 

Another  way  of  dealing  with  earth  currents  is  to  balance 
to  a  **  false  zero."  The  zero  of  the  galvanometer  is  con- 
sidered to  be  at  the  value  of  the  deflection  obtained  when 
the  galvanometer  key  only  is  down.  It  must,  however,  be 
remembered  that  every  time  an  alteration  is  made  in  the 
resistance  in  the  box  this  deflection  is  altered,  and  there- 
fore the  process  is  somewhat  tedious.  A  balance  is 
obtained  when  the  deflection  obtained  by  depressing  both 
keys  is  equal  to  that  produced  by  the  galvanometer  key 
alone.  Yet  another  method  consists  in  bringing  the 
needle  to  zero  by  means  of  a  magnet,  but  the  same  ob- 
jection applies  as  to  the  previous  method,  viz.  that  every 
alteration  in  the  resistance  entails  a  readjustment  of  the 
magnet.  It  may,  however,  be  added  that  the  operation 
of  taking  the  tests  is  scarcely  as  troublesome  as  would  be 
expected. 

Individual  Resistance  of  a  Number  of  Circuits 

BETWEEN  THE  SAME  TWO  PoiNTS. 

It  is  frequently  necessary  to  accurately  measure  the 
resistance  of  several  wires  between  two  particular  points. 
The  use  of  an  earth  connection  for  this  purpose  is  not 
entirely  satisfactory,  since  slight  earth  currents  are  always 
present  and  the  resistance  of  the  earth  connection  itself  is 
a  somewhat  uncertain  quantity.  Moreover,  electric  tram- 
way systems  have  been  rapidly  developed,  and  the  leakage 

T  T 
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carrents  vary  in  value  from  moment  to  moment,  and  thus 
render  the  taking  of  an  accurate  balance  most  diflScult — if 
not  actually  impossible.  In  such  cases,  where  three  or 
more  wires  connect  the  two  points  in  question,  the  indi- 
vidual resistances  of 
the  wires  can  readily 
be  obtained.  At  the 
distant  end,  the  wires 
are  all  bunched  to- 
gether,   and    the    re- 

Fio.  36fl.-Wire.  looped  for  the  indivldnal  sistancCS     offered     by 

condactor  resistance  tests.  various    Combinations 

are  measured. 
Let  A,  B  and  C  (Fig.  366)  represent  three  wires,  the 
individual  resistances  of  which  are  required.    The  following 
tests  are  made : — 

1.  The  resistance  of  A  and  B  is  measured 

2.  „  „      B  and  G 

3.  „  „     A  and  G         „ 

The  results  of  the  first  two  tests  added  together  give  the 
resistance  of  A,  the  resistance  of  C,  and  twice  the  resistance 
of  B.  If  the  result  of  the  third  test  {A  and  G)  is  now 
deducted  the  remainder  is  equal  to  twice  the  resistance  of 
B.  Dividing  this  by  2  gives  the  resistance  of  B  alone, 
whence  the  resistances  of  A  and  G  are  at  once  evident. 

As  an  example  let  the  results  of  the  tests  be  as  under  : — 

(1)    231"  (2)    255«  (3)    234- 

AandB 
B  and  C 

A  and  G  and  twice  B    =     486 
A  and  C  =     234 


Twice  B         =     252 
B         =     126- 

.-.  A     =     231-126     =     105- 
andC     =     234-105     =     229- 

Had  the  nmnber  of  wires  been  greater  than  three  the 
same  principle  would  be  applied.     Knowing  C  and  measur- 
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ing  the  value  of  G  and  D  would  determine  D.    Knowing  D 
and  measuring  D  and  E  would  give  E  and  so  on. 

FormulflB  after  the  fashion  of  that  given  below  may  be 
derived,  but  as  the  principle  is  so  simple  and  obvious  their 
utility  is  distinctly  doubtful. 

(1)         (2)  (3) 

Resistance  of  B  JA+B)+(B+C)-(A+C) 

2 

Periodical  Conductor  Resistance  Tests. 

The  conductor  resistance  of  every  circuit  is  measured 
once  a  week  by  means  of  the  Wheatstone  Bridge,  and  upon 


Fia  867.— Principle  of  the  Varley  loop  test  for  the  position  of  an  earth  fault 

this  morning  the  ordinary  insidation  tests  are  omitted.  The 
circuits  are  measured  in  pairs  and  the  same  arrangements 
which  are  needed  for  the  insulation  readings  serve  for  these 
tests.  The  results  are  valuable  since,  by  comparing  wires 
of  the  same  gauge  between  the  same  points,  any  slight 
defect  is  apparent,  whilst  dry  joints  or  loose  connections 
are  invariably  advised  and  dealt  with  in  the  same  manner 
as  other  classes  of  fault.  Pronounced  defects  of  this 
character  upon  aerial  lines  invariably  cause  the  needle  of 
the  galvanometer  to  oscillate  from  side  to  side. 

In  the  case  of  circuits  which  are  earthed  through  10,160** 
for  the  morning  test-readincs  it  is,  of  course,  necessary  to 
put  the  line  direct  to  earth  for  the  conductor  resistance 
test. 
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Varley  Loop  Test 

The  exact  position  of  an  earth  fault  may  be  found  by 
means  of  the  Varley  loop  test  when  a  perfect  wire  is  avail- 
able for  the  test.  The  resistance  of  the  looped  wires  is 
measured  in  the  ordinary  way,  and  the  connections  are 
then  altered  to  those  shown  in  Figs.  367  and  368.  In  the 
former  figure  the  principle  of  the  test  is  indicated.  It 
consists  in  throwing  the  rheostat  arm  into  the  circuit  and, 
by  earthing  the  battery,  connecting  it  to  the  point  at  which 
the  fault  exists.  When  a  balance  is  obtained  the  product 
of  0  A  and  {BD  +  0  F)is  equal  to  the  product  of  C  B  and 
M  N  P  F.  Assuming  that  G  A  =  C  B  then  the  resistance 
(x)  of  0  F  is  obtained 

L-R 


t 


<i> 


,ci-. 


^     ^ 


o- 


'^^ 


[3 "^—^ 


Fia.  S68. — ConnectioDB  of  bridge  for  the  Varley  test 

where  L  is  the  resistance  of  the  loop  obtained  by  the  first 
test  and  72  is  the  resistance  unplugged  in  BD  to  obtain  a 
balance. 

For  example,  let  L  =  800  and  B=400,  then  x=§5?LzJ[22 

=  200  ",  which  is  the  resistance  of  the  line  up  to  the  point 

at  which  the  fault  exists. 

Where  a  and  b  are  unequal  a  (fi+a)  =  b  (L  — x) 

1  h L—a R 

whence  a;  =  — ^ = — 

a+h 

It  will  be  observed  that  the  resistance  of  the  fault  does 
not  enter  into  the  calculation  at  all,  its  only  effect  being  to 
reduce  the  difference  of  potential  applied  between  C  and  F. 

The  result  of  the  test  gives  the  resistance  of  the  faulty 
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wire  between  the  testing  office  and  the  point  at  which  the 
fault  occurs,  and,  with  the  aid  of  the  records  of  conductor 
resistance  tests,  the  distance  of  the  fault  in  miles  from  the 
testing  office  may  readily  be  obtained.  In  the  case  of 
underground  circuits  the  position  may  be  obtained  with 
very  considerable  accuracy  since,  owing  to  the  constancy 
of  the  temperature,  the  resistances  of  the  wires  do  not 
vary. 

The  test  is  a  very  accurate  one  when  the  resistance  of 
the  fault  is  low  and  the  insulation  is  high.  If  the  fault  is  a 
slight  one  and  approximates  to  the  insulation  of  the  rest  of 
the  circuit  the  results  obtained  are  valueless.  The  whole 
principle  lies  in  the  assumption  that  there  is  one  definite 
fault  upon  an  otherwise  perfectly  insulated  pair  of  wires. 


Flo.  S09.~Priiiciple  of  the  Hurray  loop  test  for  the  poeition  of  an  earth  faalt. 

The  position  of  an  earth  fault  upon  one  of  the  wires  in  a 
lead-covered  cable  may  be  localized  by  this  method,  but  as 
the  resistances  of  the  sections  tested  are  usually  low  the 
ratio  arms  are  made  unequal,  and  care  is  taken  to  observe 
the  resistance  of  the  leads  employed. 


Murray  Loop  Test. 

The  Murray  loop  test  may  be  used  in  precisely  the  same 
circumstances  and,  under  some  conditions,  is  to  be  pre- 
ferred. The  arrangement  is  illustrated  in  Figs.  369  and 
370,  from  which  it  will  be  seen  that  the  four  arms  of  the 
bridge  are  formed  by  B  C,  B D,  Af  F,  and  FNPO,  When 
a  balance  is  obtained  BCxOPN F^BDxM F,  i.e. 
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whence 
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X   = 

B  +  b 
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Fia.  S70.— Connections  of  the  bridge  for  the  Murray  test. 

where         x  =  resistance  of  M  F 
b  =  BC 
R  =  BD 

L  =  resistance  of  the  loop  MN PO  obtained  as 
in  the  Varley  test. 


Fio.  371.— Varley  test  for  the  position  of  a  contact  fault.    (The  galvanometer 
is  connected  between  A  and  B.) 

As  an  example,  let  the  resistance  of  the  loop  =  100**,  h  = 
100«  and  J2=536";  then  x  =JPJ^J-^=15-7"  approx. 

Similar  remarks  as  regards  high  resistance  faults  upon 
circuits  having  a  low  insulation  resistance  apply  to  this  as 
to  the  Varley  test. 
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Tests  for  the  Position  of  a  Contact. 

The  position  of  a  contact  may  be  obtained  as  indicated 
in  Fig.  371  (compare  with  Fig.  367),  but  where  possible 
it  is  preferable  to  avoid  the  use  of  earth  by  employing  a 


LINE  f. 


LINES  L£j  [£1A 

Fio.  872.— Pomeroy'B  test  for  the  resistance  of  an  earth ;  first  reading. 

third  wire.  The  Murray  test  may  be  applied  to  this  case 
quite  readily,  but  it  is  believed  that  the  principle  is  now 
sufficiently  apparent. 

LINE  I. 


EJA 


Fro.  878.— Fomeroy's  earth  te«t ;  second  reading. 


PoMEROY*8  Method  of  Testing  Earths. 

It  is  frequently  necessary  to  obtain  the  resistance  of  an 
earth  connection,  and,  by  making  the  two  tests  shown  in 
Figs.  372  and  373,  this  may  be  accomplished  with  a  fair 
amount  of  accuracy.  Two  lines  connected  to  two  independ- 
ent earths  are  required  for  the  tests  and  are  joined  up  as 
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shown.  It  is  necessary  that  the  value  of  the  current  pass- 
ing at  the  earth  plate  should  be  approximately  equal  in 
both  cases,  and  the  battery  power  required  for  the  second 
test  should  therefore  be  increased  accordingly.  This  may 
best  be  judged  by  inserting  a  detector  in  series  with  the 
battery  as  indicated.  The  battery  connections  are  reversed 
in  the  second  test,  so  that  the  direction  of  the  current  from 
the  plate  at  A  may  be  the  same  in  both  tests  (L  includes 
the  resistance  of  the  earth  upon  Line  1). 

Ist  test.  a  (r  +  a)  =  6  L 

2nd  test.  aR^h{L  +  x) 

whence  «  =     ^  .  , — ^ 

a  +  h 

or  when  the  proportionals  a  and  h  are  equal : — 

that  is  half  the  difference  between  the  two  resistances 
required  to  produce  a  balance. 


PART  IV.    INSULATION   TESTING    SET  AND  THE    Q 
AND  I  DETECTOR. 

Insulation  Testing  Set 

The  highest  resistance  which  can  be  measured  by  means 
of  a  Wheatstone  Bridge  of  the  Post  OflBce  pattern  is  slightly 
over  one  megohm.  This  limit  is  far  too  low  for  testing  the 
insulation  of  air  space  cables,  and  to  meet  this  requirement 
the  "  insulation  testing  set "  illustrated  in  Fig.  374  was 
devised.  It  consists  of  a  horizontal  galvanometer  of  the 
same  general  form  as  that  illustrated  in  Fig  28,  but  woimd 
to  a  resistance  of  25,000".  The  scale  is  divided  into  equal 
divisions,  and  the  skew  scale  principle  adopted  in  order  to 
increase  the  range.  The  battery  power  consists  of  six  50- 
cell  dry  batteries  contained  within  six  boxes.  These  cells 
are  of  a  very  small  size,  but  are  quite  adequate  for  this 
purpose,  since  the  currents  needed  are  usually  very  small 
fractions  of  one  milliampere.  The  E.M.F.  of  the  battery 
is  roughly  450  volts. 


INSULATION  TESTING  SET 
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Each  box  is  provided  with  lour  terminals,  so  that  1,  10, 
or  the  whole  50  cells,  may  be  connected  up,  and  a  1000** 
resistance  coil  is  also  included  so  that  the  possibility  of  a 
short  circuit  may  be  avoided.  The  boxes  should  stand 
upon  a  thick  sheet  of  gutta-percha,  so  as  to  ensure  satis- 
factory insulation.  The  battery  leads  are  connected  to  the 
battery  terminals  by  means  of  clips  having  insulated 
handles,  thus  avoiding  the  possibility  of  electric  shocks 
which  might  result  from  handling  the  terminals. 


I — "I"! — I 


-EARTH 
-LINE 


^ 


.^tfOOCPirCTION-  PRESS 


Fio.  874.— InsuUtloA  testing  set. 

The  switch  is  first  turned  to  the  "  constant "  position,  and 
the  deflection  observed.  It  will  be  seen  that  the  battery  is 
connected  in  series  through  a  resistance  of  100,000**,  and 
that  the  galvanometer  is  shunted  twtf-  With  these  con- 
ditions the  constant  obtained  is  usually  about  15°.  With 
the  galvanometer  unshunted  the  same  battery  would  pro- 
duce a  deflection  of  15°  through  100,000"  X  1000  =  100 
megohms.  The  degrees  may  be  assumed  to  be  roughly 
proportional  to  the  current,  and  therefore  the  resistance 
corresponding  to  any  deflection  is,  assuming  the  constant 
to  be  15° :— 
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1500 


Deflection 


megohms  unsliunted 


1*5 

and  — -^ — ; —  megohms  when  shunted  jinnr* 

Denection 

The  switch  is  turned  to  "  test,"  and  one  minute  later  the 
key  is  pressed,  thus  removing  the  shunt  from  the  galvan- 
ometer, and  the  deflection  observed.  When  the  deflection 
is  beyond  the  scale  with  the  key  depressed  and  is  imper- 
ceptible with  the  ^^j^jj  shunt  in,  the  battery  power  is  reduced 
sufficiently  to  obtain  a  reading,  and  the  constant  with  the 
reduced  power  noted  or  calculated  as  being  reduced  in  the 
ratio  of  the  total  number  of  cells  to  the  number  used  for 
the  test.  In  order  to  discharge  the  cable  an  earth-connected 
stud,  which  is  passed  over  by  the  longer  end  of  the  contact 
spring  in  its  passage  from  "test"  to  "normal"  position, 
has  been  added. 

When  testing  the  insulation  of  unscreened  wires  con- 
tained in  a  lead-covered  cable  difiiculty  frequently  arises 
owing  to  the  inductive  action  of  the  working  circuits  in 
that  cable.  Since  such  wires  are  invariably  arranged 
in  twisted  pairs  a  differentially  wound  galvanometer 
(12,500'*  per  coil)  is  employed,  one  coil  being  connected  to 
the  battery  and  wire  under  test,  whilst  the  other  coil  is 
connected  to  the  companion  wire  and  earth  through  a 
resistance  equal  to  that  of  the  testing  battery  which  (with 
the  1000"  coils  in  the  boxes)  will  be  1100-  per  50  cells. 
In  this  way,  the  currents  induced  upon  the  wire  under  test 
are  exactly  balanced  by  those  induced  upon  the  companion 
Avire  of  the  pair  since  the  two  coils  are  joined  up  so  as  to 
oppose.  Both  wires  are,  of  course,  disconnected  for  the 
test. 

*  The  accurate  fonnula  is  : — 

X  =iU  ^y-^(i2  +  B)  +  GV  -{G  ^  B) 

where  di  is  the  constant, 

dg  is  the  observed  deflection, 

Gf  S,  B  and  B  are  respectively  the  resisUnces  of  the  galvanometer, 
shunt,  resistance  coil  and  battery. 

Tn  taking  the  insulation  resistance  of  cables  all  quantities  save  the 
multiplying  power  and  the  resistance  coil  may  be  neglected. 
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Electrification. 

If  an  earthed  battery  and  galvanometer  are  connected  to 
a  gutta-percha  insulated  wire  disconnected  at  the  further 
end  (as  shown  in  Fig.  375)  it  will  be  observed  that  the 
deflection  produced  continuously  falls,  thus  indicating  that 
the  insulation  steadily  improves  under  the  prolonged  appli- 
cation of  the  battery.  This  phenomenon  is  usually,  if  not 
invariably,  termed  "  electrification,"  but  "  absorption "  or 
"dielectric  polarization"  would  more  accurately  describe 
the  eflFect.  It  is  practically  certain  that  the  true  insulation 
resistance  does  improve  and  that  the  minute  leakage  current 
passing  through  the  percha  is  constant.  When  the  E.M.F. 
is  first  applied  to  the  cable  there  is  a  heavy  rush  of  current 
of  short  duration  to  charge  it,  and  it  seems  probable  that 
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Fio.  375.— IllastratM  electrification  phenomenon. 

there  is  some  sort  of  yielding  or  soaking  in  of  the  charge 
and  that  this  alone  is  responsible  for  the  increase  of  the 
deflection  above  that  due  to  the  true  leakage  current 
through  the  dielectric.  If  the  battery  is  removed  and  the 
earthed  galvanometer  connected  to  the  cable  a  steadily 
diminishing  current  is  observed,  thus  indicating  the  ex- 
udation of  this  extra  charge.  Another  explanation  lies  in  a 
possible  polarization  effect  in  the  dielectric. 

Precisely  the  same  effect  is  observed  with  condensers, 
the  phenomenon  being  more  marked  with  those  having 
paraffined  paper,  than  with  mica,  insulation. 

This  effect  is  greater  at  low  temperatures,  but  varies  not 
only  with  the  nature  of  the  dielectric  but  with  quality  of 
material,  being  smaller  in  the  best  class  of  gutta-percha 
than  in  inferior  grades.  Kempe  instances  an  experiment 
in  which  the  insulation  reading  fell  from  240  to  75  divisions 
in  90  minutes  at  32°  F.,  whilst  at  75°  F.,  with  the  same 
specimen,  the  deflection  fell  to  but  173  in  the  same  length  of 
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time.  With  india-rubber  the  deflection  falls  much  more 
rapidly,  but  with  a  far  smaller  difference  between  the  maxi- 
mum and  minimum  readings.  With  paper  cables  the  fall 
is  still  less. 

In  all  measurements  of  the  insulation  resistance  of 
covered  wires  the  reading  is  taken  after  a  prescribed  num- 
ber of  "  minutes*  electrification,"  or  in  other  words  after 
the  testing  battery  has  been  applied  for  that  length  of  time. 
The  phenomenon  is  quite  independent  of  the  value  of  the 
E.M.F.  and  of  the  direction  of  the  current,  but  in  repeating 
a  set  of  measurements  care  must  be  taken  that  the  whole  of 
the  electricity  absorbed  is  discharged  before  attempting  to 
do  so.  With  long  lengths  of  cable  a  considerable  time  must 
be  allowed,  the  cable  meanwhile  being  put  to  earth. 

One  other  point  which  should  be  remarked  is  that  with  a 
perfect  core  the  deflection  falls  in  a  regular  and  steady 
manner,  and  that  any  irregularity  is  presumptive  evidence 
of  a  defect  in  the  insulation.  In  addition  to  the  readings, 
i{  should  always  be  noted  whether  the  electrification  is 
steady  or  irregular. 

With  comparatively  short  lengths  of  air-space  cable  the 
phenomenon  is  very  small,  and  the  reading  taken  after  one 
minute's  electrification  represents  very  approximately  the 
true  insulation. 


The  Grouping  of  the  Wires  in  an  Air-space  Cable  for 
Insulation  Tests. 

The  insulation  of  an  air-space  cable  is  of  the  order  of 
from  5000  to  50,000  megohms  per  mile.  In  order  to  obtain 
readable  deflections  upon  lengths  of  from  100  to  400  yards 
with  ordinary  battery  powers,  and  also  to  reduce  the 
number  of  tests  to  be  made,  the  various  conductors  are 
grouped.  It  is  essential  that  the  insulation  between  every 
wire  and  every  other  wire  of  the  cable  with  which  it  is 
physically  possible  for  it  to  be  in  contact  shall  be  proved. 
Therefore,  no  wire  may  be  tested  in  the  same  group  as  its 
companion  wire  if  a  twin  (or  wires  if  a  quadruple  twin) 
cable,  either  wires  of  the  pair  on  either  side  of  it  in  the 
same  layer,  or  any  wire  in  either  the  layer  directly  above  or 
below  it. 
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Taking  the  case  of  the  74-wire  cable  illustrated  in  Fig. 
376  the  following  groups  may  be  formed  : — 

A  —  39,  43,  47,  51,  55,  59,  63,  67,  71,  3,  7,  11. 
B  —  40,  44,  48,  52,  56,  60,  64,  68,  72,  4,  8,  12. 
C  —  41,  45,  49,  53,  57,  61,  65,  69,  73,  5,  9,  13. 
D  —  42,  46,  50,  54,  58,  62,  66,  70,  74,  6,  10,  14. 
E  —  15,  19,  23,  27,  31,  35,  1. 
F  —  16,  20,  24,  28,  32,  36,  2. 
G  —  17,  21,  25,  29,  33,  37. 
H  —  18,  22,  26,  30,  34,  38. 


Fio.  876.— Arrangement  of  a  37-pair  dry  core  cable. 

Each  group  may  be  tested  provided  all  the  other  groups 
are,  during  the  test,  put  to  earth  and  therefore,  instead 
of  74  tests,  but  eight  are  needed.  With  a  larger  cable 
containing,  say,  600  wires,  the  reduction  in  the  number  of 
tests  is  still  more  remarkable.  It  will  be  seen  that  the 
principle  consists  in  grouping  together  only  those  wires 
between  which  it  is  physically  impossible  for  a  contact  to 
occur.  If  group  A  gave  an  insulation  resistance  of  500 
megohms  in  a  length  of  220  yards,  the  per  mileage  insula- 
tion resistance  of  the  whole  group  would  be  4000  megohms, 
and  the  average  insulation  of  each  wire  48,000  megohms 
per  mile. 

From  the  example  which  has  been  given,  and  the  state- 
ment of  the  imderlying  principle,  it  should  be  possible  for 
the  reader  to  work  out  the  arrangement  for  any  other  type 
of  cable.  For  instance,  a  screened  conductor  cable  could 
be  tested  in  a  single  operation,  since  each  wire  is  surrounded 
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by  a  copper  tape.  The  method  of  carrying  out  such  tests 
during  the  jointing  of  successive  lengths  of  cable  will  be 
reverted  to  in  Chapter  XXII. 

Q  AND  I  Detector. 

As  a  conclusion  to  the  present  chapter  it  will  be  well  to 
describe  the  "  Q  and  I  detector  "  which  forms  so  important 
a  part  of  the  equipment  of  every  lineman.  The  "§  and 
I"  part  of  the  title  is  a  survival  of  the  days  when  the 
terms  "quantity"  and  "intensity"  were  in  general  use. 
The   detector  (Fig.  377)  is  provided  with  two  windings, 


Fio.  877.— C and  /detector. 

having  resistances  of  100"  ("intensity"  coil),  and  '2r 
("  quantity  "  coil),  the  latter  being  provided  with  a  i  shunt 
inserted  by  means  of  the  switch  upon  the  top  of  the  case. 
The  needle  is  of  the  Varley  induced  type,  but  the  perma- 
nent magnets  are  disposed  in  a  slightly  different  manner 
in  order  to  economize  space.  The  central  terminal  is  com- 
mon to  both  coils  and  in  a  form  of  detector,  used  in  con- 
nection with  the  Webb  and  Thompson  railway  staff  system, 
a  ^  shunt  and  switch  is  added  to  die  100**  coil. 

The  figures  of  merit  are  specified  as  follows  : — 100**  coil, 
9'3  m.a.  should  produce  a  deflection  of  from  40°  to  50°; 
*2**  coil,  139  m.a.  should  produce  a  deflection  of  from  20°  to 
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30°;    i  shunt  on  '2**  coil,  the  application  of  this  shunt 
should  cause  the  deflection  to  fall  to  y  of  its  amount. 

The  lOO*  coil  serves  as  an  index  to  the  E.M.F.  of  a  cell, 
and  the  readings  clearly  indicate  the  diflFerences  between 
the  E.M.F.  of  the  various  cells  forming  a  battery.  Similarly 
the  '2**  coil  may  be  used  to  gauge  tiie  internal  resistance. 
Each  cell  of  a  battery  in  good  condition  will  give  approxi- 
mately the  same  deflection  with  the  '2**  coil  as  will  the 
whole  battery,  and  this  is  probably  the  test  which  is  most 
frequently  used.  The  detector  is,  of  course,  used  in  tracing 
instrument  faults,  in  tracing  a  difficult  fault  upon  an  open 
wire,  for  the  same  purposes  as  the  test  box  detector,  for 
numbering  wires,  and  many  other  special  purposes  too 
numerous  to  specify  in  detail. 


CHAPTER  XXI 
THE  GONSTMUCTION  OF  AERIAL  LINES. 

Introductory. 

TELEGRAPH  lines  may  be  divided  into  two  great  classes, 
aerial  or  overground  and  underground  lines.  Open 
work  is  preferable  to  underground  on  account  of  its  greater 
cheapness,  accessibility,  and  superior  electrical  properties. 
The  capacity  of  an  underground  wire  is  far  in  excess  of 
that  of  an  open  line,  and  consequently  the  working  speed 
of  the  former  is  considerably  less  than  that  of  the  latter  in 
the  case  of  long  circuits. 

Aerial  lines  are  erected  upon  poles  on  public  roads, 
private  property,  railways,  and  canals.  If  a  free  choice 
can  be  made  the  public  road  possesses  by  far  the  greatest 
advantages.  The  line  is  always  readily  accessible,  and 
there  is  little  chance  of  costly  removals  and  diversions 
having  to  be  made.  Where  the  plant  is  placed  upon 
private  property  the  owner's  consent  must  be  obtained, 
and,  if  this  is  not  hedged  with  impossible  conditions,  there 
is  still  the  fact  that  it  is  within  his  power  at  any  time  to 
demand  the  removal  of  the  fixtures  by  giving  the  stipulated 
notice.  The  result  may  be  a  diversion  of  the  most  costly 
character,  or  the  difficulty  may  be  met  quite  readily  and 
cheaply,  but  the  fact  remains  that  every  fixture  upon 
private  property  is  subject  to  the  personal  will  or  caprice 
of  the  property  owner.  Therefore  every  attempt  is  made 
to  secure  a  route  upon  public  roads  before  private  wayleaves 
are  considered. 

Upon  canals  a  way  leave  payment  has  to  be  made,  but 
tlie  risk  of  compulsory  removal  is  comparatively  remote. 

The  railways,  upon  the  other  hand,  have  the  disadvantage 
that  the  maintenance  of  the  wires  is  usually  in  the  hands 
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of  the  company's  staff,  so  introducing  a  dual  control.  It  is 
certainly  preferable  that  the  lines  and  apparatus  should  all 
be  under  the  control  of  one  administration.  Apart  from 
this,  the  railways  afford  excellent  facilities  for  the  erection  of 
telegraph  lines,  since  the  banks  of  the  railway  provide  such 
effective  staying  facilities.  The  poles  may  be  quite  short, 
since  there  are  no  buildings  to  cross;  removals  cannot 
occur  as  the  result  of  external  building  operations,  nor  do 
the  lines  suffer  from  the  proximity  of  growing  trees.  The 
lines  are  also  more  sheltered  and  less  liable  to  damage  by 
stone-throwing.  The  use  of  the  train  for  inspecting  lines 
probably  leads  to  that  duty  being  less  efficiently  performed 
than  in  the  case  of  a  road-line  along  which  there  is  no 
means  of  travelling  at  so  rapid  a  pace. 

In  large  towns  the  erection  of  poles  along  the  busiest 
streets  is  quite  impracticable,  and  here  there  are  two 
alternatives,  viz.  overhouse  and  underground.  By  the 
former  term  is  included  all  cases  where  the  wires  are 
carried  upon  standards  erected  upon  the  roofs,  or  upon 
brackets  fixed  on  the  chimney-stacks  or  corners  of  the 
various  buildings  en  route.  The  objections  to  this  course 
are  that  the  average  roof  is  not  constructed  for  the  purpose, 
and  that,  sooner  or  later,  the  frequent  access  to  the  roof 
causes  complaints  which  finally  culminate  in  a  request  to 
remove  the  fixture.  The  diversion  involved  may  be  of  a 
most  costly  and  difficult  character.  Quite  apart  from  this, 
there  is,  almost  invariably,  trouble  in  regard  to  roof  repairs, 
for  whatever  damage  occurs  is,  without  exception,  ascribed 
to  the  presence  of  the  standard  or  to  the  necessary  access 
to  the  roof  obtained  for  the  purpose  of  attending  to  faults, 
renewals,  the  erection  of  additional  wires,  removals,  and 
repairs  generally. 

Underground  lines  possess  the  advantage  of  immunity 
from  damage  due  to  storms,  and  it  is  from  this  point  of 
view  that  most  of  the  great  telegraphic  centres  are  being 
linked  together  by  underground  routes.  Upon  the  other 
hand,  the  underground  route  has  dangers  of  its  own,  for, 
whenever  the  streets  are  taken  up,  there  is  the  possibility 
of  damage  due  to  carelessness  or  accident.  Moreover,  a 
general  fault  due  to  the  entrance  of  water  into  a  cable 
cannot  be  remedied  with  the  speed  that  characterizes  the 
repair  of  an  open  line  breakdown. 

u  u 
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Where  a  very  considerable  number  of  wires  is  required 
an  underground  route  is  less  costly  than  several  open  ones. 
Where  iron  poles  are  to  be  used  the  cost  of  the  under- 
ground line  becomes  less  than  that  of  the  open  line  when 
the  number  of  wires  exceeds  about  thirtv. 


Timber. 

The  supply  of  telegraph  poles  is  obtained  almost  exclu- 
sively from  Scandinavia,  and  the  poles  are  cut  from  red 
fir-trees.  For  special  purposes,  such  as  square  terminal 
poles,  American  pitch  pine  is  also  employed,  but  the  cost 
is  considerably  greater  than  that  of  fir,  owing  partly  to  the 
fact  that  the  huge  demand  for  the  latter  enables  the  most 
favourable  conditions  for  cheap  transport  to  be  met,  and 
partly  to  the  greater  cost  of  the  timber  itself. 

The  use  of  iron  poles  is  avoided  wherever  possible  owing 
to  their  extreme  costliness,  which  amounts  to  from  four  (in 
the  case  of  long  heavy  poles)  to  eight  (for  light  poles)  times 
that  of  the  corresponding  wooden  poles. 

The  timber  selected  for  telegraph  poles  should  be  quite 
sound  and  hard  grown  (that  is  with  the  annular  rings 
closely  pitched),  straight,  and  free  from  large  or  dead 
knots.  The  trees  should  be  felled  between  the  1st  of 
November  and  the  28th  of  the  following  February,  when 
the  sap  is  in  the  roots.  The  natural  butt  of  the  tree  should 
be  left,  but  the  branches  and  the  bark,  with  all  the  adhering 
soft  wood,  removed,  so  as  to  leave  a  clean,  hard,  smooth 
surface.  During  the  process  of  shipping,  etc.,  the  poles 
must  not  be  left  in  water  for  more  than  seven  days. 

Larch  poles  were  at  one  time  employed,  but  it  is  difficult 
to  obtain  the  timber  free  from  bends  and  large  knots. 
Scotch  fir  is  also  a  possible  material,  but  the  supply  will 
not  compare  with  that  which  is  obtainable  from  Norway. 
It  may  therefore  be  said  that  pitch  pine  for  square  poles 
and  Norway  fir  for  round  ones  are  practically  the  only 
materials  employed.  The  supply  of  Norway  poles  has  6f 
late  years  become  limited,  and  the  area  of  supply  has  now 
been  extended  to  Sweden,  Finland,  and  part  of  Russia. 

When  creosoted  poles  are  to  be  stored  they  may  be  piled 
together  as  closely  as  is  desired,  but  the  bottom  poles 
should  be  raised  a  few  inches  above  the  ground  by  suitable 
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sup^wrts.  Timber  which  has  not  been  subjected  to  any 
preservative  process  should  invariably  be  stacked  in  such 
a  way  as  to  provide  a  perfectly  free  air  circulation  to  every 
part  of  the  wood. 

Preservative  Processes. 

Wood  is  subject  to  deterioration  by  decay,  which  may  be 
caused  by  dry  or  by  wet  rot.  The  former  is  caused  by  a 
species  of  wood  fungus  which  in  time  i-educes  the  wood 
to  a  fine  powder.  Since  this  effect  only  occurs  in  very 
enclosed  places  where  there  is  no  circulation  of  air,  tele- 
graph poles  are  entirely  free  from  it.  Wet  rot  is,  however, 
of  a  far  more  serious  character,  and  a  pole  which  had  not 
been  subjected  to  any  treatment  would  not  last  more  than 
five  or  six  years — possibly  even  less.  The  fermentation  of 
the  sap  will  in  time  reduce  the  interior  of  the  pole  to 
a  pulpy  condition,  and,  finally,  instead  of  a  solid  pole 
nothing  more  than  a  shell  remains.  This  state  of  affairs 
is  readily  detected  by  the  hollow  sound  resulting  from  a 
blow  with  a  hammer.  The  rotting  of  the  pole  at  the 
ground-line  (frequently  termed  the  "wind  and  water" 
line)  is  of  far  more  frequent  occurrence,  and  is  mechanic- 
ally produced  by  the  continual  alterations  of  temperature 
and  moisture.  The  temperature  above  the  gi-oimd-line  is 
higher  than  that  of  the  soil,  and  thus  moisture  is  drawn 
up  each  fibre  of  the  wood.  This  moisture  then  expands, 
bursts  its  cell,  and  finally  escapes  as  vapour.  Wood  is 
extremely  durable  when  kept  continuously  dry  or  con- 
tinuously wet,  but  is  not  so  when  the  conditions  alternate 
as  rapidly  as  is  the  case  in  this  country. 

With  pitch  pine  poles  the  timber  is  thoroughly  seasoned, 
i.  e,  the  sap  is  slowly  dried  out  under  conditions  unfavour- 
able to  fermentation,  secured  by  giving  a  good  air  circulation 
to  every  part  of  the  wood.  Charring  the  butt  by  slowly 
roasting  it  over  a  fire  and  then  well  tarring  it  to  about  one 
foot  above  the  ground-line  proves  quite  sufficient  for  this 
class  of  timber.  The  effect  of  the  process  is  to  exclude 
moisture  from  the  wood,  and,  with  the  exception  of  paint- 
ing, no  other  treatment  is  adopted  in  this  case. 

Every  other  type  of  timber  is  subjected  to  one  or  other 
of  the  various  preservative  processes.     Of  these,  creosoting 
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is  by  far  the  most  eflScacious,  but  care  must  be  taken  that 
the  wood  is  perfectly  dry  before  being  treated,  otherwise 
more  harm  than  good  results.  The  life  of  a  pole  when 
properly  treated  is  upon  the  average  in  excess  of  thirty 
years. 

The  creosoting  process  as  now  carried  out  consists  in 
injecting  creosote  into  the  wood  by  a  process  of  vacuum 
and  pressure.  The  quantity  of  creosote  to  be  injected 
varies,  according  to  the  specifications  of  different  adminis- 
trations, from  8  to  12  lbs.  per  cubic  foot  for  telegraph  poles, 
the  Post  OfiRce  specification  being  10  lbs.  to  12  lbs.  The 
poles  to  be  treated  are  placed  in  a  closed  cylindrical  vessel, 
an  air-pump  is  set  to  work,  which  produces  a  vacuum  in 
the  cylinder,  opens  the  pores  of  the  timber,  and,  to  some 
extent,  serves  to  draw  out  the  moisture.  Creosote,  heated 
to  a  temperature  of  from  100°  to  120°  F.,  is  then  intro- 
duced into  the  cylinder,  the  air-pump  is  stopped  and  the 
pressure  pumps  are  employed  to  force  the  creosote  into  the 
wood. 

This  process  is  most  satisfactory  when  applied  to  well- 
seasoned  and  perfectly  dry  timber  since  moisture  would 
otherwise  be  driven  into  the  heart  of  the  wood.  Season- 
ing is  produced  by  allowing  a  perfectly  free  air  circulation 
to  every  part  of  the  timber  for  a  lengthy  period — ^not  less 
than  four  months  under  favourable  conditioiis  is  desirable. 
In  order  to  save  this  delay  and  also  to  remove  every  trace 
of  moisture 'prior  to  the  injection  of  the  creosote,  S.  B. 
Boulton  devised  the  following  method  : — Creosote,  heated 
to  a  temperature  slightly  in  excess  of  212°  F.,  is  introduced 
into  the  cylinder,  and  the  air-pump,  communicating  with 
a  dome  fitted  upon  the  top  of  the  vessel,  is  set  at  work. 
It  will  readily  be  seen  that,  as  the  timber  is  thus  subjected 
to  a  temperature  above  the  boiling-point  of  water,  any 
watery  moisture  contained  within  the  pores  of  the  wood  is 
turned  into  vapour  and  is  drawn  off  by  the  action  of  the 
air-pump.  The  creosote  itself  is  not  vaporized  since  its 
boiling-point  is  very  much  above  that  of  water.  When 
the  last  trace  of  moisture  has  been  extracted,  the  pressure- 
pumps  are  employed  to  inject  the  creosote.  Briefly  then, 
the  Boulton  process  consists  in  vaporizing  the  water  in 
the  timber  by  the  heat  of  the  creosote,  and  then  withdraw- 
ing the  vapour  by  the  action  of  the  air-pump  before  the 
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injection  of  the  creosote.  The  Engineering  Department  of 
the  Post  Office,  in  its  treatment  of  telegraph  poles,  has 
availed  itself  of  this  simple  and  efficacious  process  for 
some  years  past,  whenever  it  has  been  found  necessary. 
It  is  rather  remarkable  that  this  example  has  not  oftener 
been  followed  by  civil  engineers. 

Bumettizing  consists  in  the  injection  of  a  concentrated 
solution  of  chloride  of  zinc. 

Boucherizing  consists  in  the  injection  of  a  concentrated 
solution  of  sulphate  of  copper. 

Boucherizing  is  somewhat  unreliable,  and  there  is  always 
a  definite  percentage  of  &ilures  in  which  the  life  of  the  poles 
is  but  five  or  six  years,  but  those  which  take  the  process 
well  may  be  relied  upon  for  a  much  longer  period.  The 
iron  work  fitted  upon  the  pole  is,  however,  more  or  less 
rapidly  destroyed  by  the  action  of  the  copper  sulphate. 
Bumettizing  is,  perhaps,  more  reliable,  but  the  average 
life  of  poles  so  treated  is  not,  upon  the  average,  much  in 
excess  of  twelve  years.  These  two  processes  have  the 
advantage  that  the  poles  can  be  painted,  whereas  a 
creosoted  pole  cannot,  owing  to  the  action  of  the  creosote 
upon  the  paint  in  producing  a  curious  niddy-coloured 
covering  which,  unfortunately,  never  properly  dries.  The 
creosoting  process  is  the  one  which  is  normally  used  ;  but 
where,  in  deference  to  local  opinion,  poles  are  to  be 
painted  those  treated  by  the  Bumettizing  process  are 
employed.  It  is  true  that  a  new  paint  has  recently  been 
devised  which  is  capable  of  application  to  creosoted  poles, 
but  it  is  yet  too  early  to  express  any  definite  opinion  as 
to  its  efficacy. 

The  various  processes  may  be  described  as  consisting  in 
the  injection  of  antiseptics  or  substances  which  oppose 
putrefaction.  These  substances  combine  with  the  sap  to 
form  insoluble  compounds  which  cannot  be  acted  upon  by 
air  or  water.  One  great  advantage  of  the  creosoting  pro- 
cess lies  in  the  fact  that,  owing  to  its  oily  nature,  it  renders 
the  pole  perfectly  waterproof. 

The  top  of  a  wooden  pole  is  protected  from  the  elements 
by  means  of  a  galvanized  iron  pole  roof  of  suitable  size 
(8,  10,  or  12  inches  wide)  fitted  transversely  to  the  line  of 
the  wires.  The  pole  is  cut  to  receive  the  sloping  sides  of 
the  roof,  which  is  secured  by  clout  nails  unless  the  pole 
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carries  a  saddle  wire,  in  whicli  case  the  roof  has  suitable 
holes  through  which  the  four  coach  screws  supporting  the 
saddle  are  passed. 

In  some  few  cases  where  ornamental  poles  are  specified 
pole  finials  are  used  instead  of  roofs  and  are  fitted  with 
a  dowel.  In  the  case  of  square  poles  the  top  of  the  pole 
is  lined  with  a  suitable  moulding  so  that  the  same  form  of 
finial  may  be  employed  as  for  round  poles.  These  finials 
vary  in  height  from  33"  to  40'',  and  have  precisely  the 
same  appearance  as  those  used  with  iron  poles,  but  diflFer 
from  those  employed  by  the  National  Telephone  Company, 
owing  to  only  one  ball  (instead  of  two)  being  formed  below 
the  point. 

Arms. 

The  best  material  for  arms  is  British  oak,  and  this  was 
exclusively  used  by  the  Post  Office  for  many  years.  Owing, 
however,  to  its  comparative  scarcity  and  consequently  en- 
hanced price,  it  has  been  necessary  to  find  a  substitute, 
and  Australian  karri  wood,  which  appears  to  give  excellent  re- 
sults, was  finally  adopted.  The  arms  are  pickled  in  a  solution 
consisting  of  green  oil  (a  tar  product)  and  copper  sulphate. 

The  tubular  iron  arm,  which  was  tried  as  a  substitute  for 
wood,  failed  on  account  of  the  excellent  earth  connection 
which  it  afforded.  Workmen  sitting  upon  the  arm  in  more 
or  less  damp  clothes,  upon  touching  circuits  worked  with  a 
high  E.M.F.,  such  as  multiplexes,  etc.,  received  very  heavy 
shocks.  This  is  not  the  case  with  wooden  arms,  and  the 
difficulty  was  surmounted  by  the  use  of  two  insulating 
strips  of  wood  covering  the  upper  sides  of  the  arm  between 
the  insulator  bolt-holes  upon  either  side  of  the  pole.  The 
addition  considerably  increased  the  cost  of  the  arms,  and 
they  are  now  used  only  upon  iron  poles  and  standards. 

In  the  past  24-inch  and  33-inch  arms,  each  carrying  two 
wires,  were  fixed  alternately  upon  the  pole,  with  the  object 
of  minimizing  the  risk  of  contact  when  a  wire  chanced  to 
fall.  The  sections  of  these  arms  were  3  inches  by  2^ 
inches  for  ordinary  cases,  and  3  inches  by  3  inches  for 
terminal  purposes.  Owing  to  the  very  considerable 
increases  in  the  number  of  wires  four  wire  arms  are  now 
universally  employed,  save  upon  very  small  local  lines 
which  are  unlikely  to  increase  in  size. 
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The  standard  arm  is  4:8''  X  2y  X  2\"  for  wires 
weighing  400  lbs.  or  less  per  mile,  and  48"  X  3''  X  2\'' 
for  larger  wires,  whilst  48 "'  x  3 "  X  3 ''  arras  are  used 
when  the  wires  are  terminated.  The  arms  are  bored  as 
shown  in  Fig.  378  and  are  earth-wired  with  60  lb.  G.I.  wire. 


V 
^ 


12—^ 18' J|t— -12'— >! 

t * yT-± 


■t 


Ufil- 


Fio.  S78.— A  48-Inch  arm. 

The  arms  are  always  fitted  upon  the  London  or  "  up " 
side  of  the  pole.  With  the  aid  of  an  arm  gauge  the 
notches,  having  a  maximum  depth  of  1^  inches,  are  cut  so 
as  to  barely  admit  the  arm,  which  is  driven  into  the  pole 
by  means  of  a  wooden  mallet.  In  order  to 
avoid  rotting,  the  notches  are  painted  over 
before  the  insertion  of  the  arm  with  a 
mixture  composed  of  one  part  gas  tar  and 
two  parts  of  creosote  by  measure.  In  fact, 
wherever  a  pole  is  cut  and  the  inner  woocl 
exposed  a  coat  of  creosote  and  tar  should 
invariably  be  applied. 

The  centres  of  the  arms  are  fitted  12 
inches  apart,  and  the  first  arm  is  placed 
9  inches  from  the  top  of  the  pole  (Fig.  379). 
The  line  wires  attached  to  the  four  in- 
sulators carried  by  each  pair  of  arms  thus 
form  a  12  inch  square  upon  each  side  of 
the  pole.  Upon  some  of  the  older  lines  a 
14  inch  square  was  adopted,  but  this  has 
been  abandoned  in  favour  of  the  standard 
arrangement  described.  It  may  perhaps 
be  stated  that  the  formation  of  a  square  is 
an  essential  feature  of  the  symmetrical 
twist  system  of  construction  for  telephone  circuits. 

The  arm  bolts  are  of  galvanized  iron,  each  provided  with 
a  nut  and  two  washers,  and  made  in  various  lengths  from 
6^  inches  upwards,  with  a  diameter  of  ^  inch  for  the 
smaller,  and  f  inch  for  the  larger  sizes. 


Fio.  379.— Spacing 
of  pole  fittnigs. 
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Insulators. 

The  qualifications  of  the  material  used  for  insulators  may 
be  stated  as  below  : — 

1.  High  specific  resistance. 

2.  Homogeneous. 

3.  Not  porous. 

4.  Should  take  a  high  polish. 

5.  Not  subject  to  deterioration. 

6.  Readily  mounted. 

7.  Preserves  its  form. 

8.  As  slight  an  affinity  for  moisture  as  possible. 

9.  Tensile  and  compressive  strength. 
10.  Toughness. 

The  only  material  which  satisfies  these  conditions  is 
porcelain,  and  then  only  when  well  burnt,  so  that,  a  partial 
vitrification  having  taken  place  throughout,  it  becomes 
homogeneous  and  non-porous.  The  other  possible  sub- 
stances which  could  be  used  are  given  below,  together 
with- the  reasons  which  make  them  undesirable. 


Material. 

Ol^Jectlon. 

Ebonite 

Glass 

Brown  earthonwaro 

(5)  Subject  to  surface  deterioration. 

(8)  Hygroscopic,  (10)  brittle. 

(4)  Surface  not  so  smooth  ns  porcelain. 

Glass  is  used  to  a  very  considerable  extent  in  America, 
but  this  is  largely  because  insect  growth  takes  place  be- 
neath the  sheds  of  any  opaque  insulator  and  so  tends  to 
bridge  across  the  bolt  and  the  outer  shed.  Again  the 
climates  of  this  country  and  America  are  of  widely  different 
character,  and  in  comparing  types  of  insulator  this  factor 
should  always  be  taken  largely  into  account. 

The  choice  of  the  material  for  use  in  insulators  is  prac- 
tically limited  to  porcelain  and  earthenware.  TTie  former 
is  exclusively  used  where  high  insulation  is  necessary,  but 
upon  minor  lines  there  is  no  objection  to  the  use  of  brown 
earthenware.      It    has,   moreover,   the    merit  of    greater 
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cheapness,  and  forms  a  less  conspicuous  target  for  stone- 
throwing. 

The  factors  which  determine  the  design  of  an  insulator 
are  mechanical  strength  and  insulating  properties.  The 
latter  are  secured  (1)  by  increasing  the  distance  to  be  tra- 
versed by  a  current  leaking  from  the  wire  to  the  insulated 
bolt,  (2)  by  reducing  the  section  of  the  conducting  film, 
(3)  by  the  retention  of  a  drj^  surface  on  one  portion  of  the 
insulator,  and  (4)  by  securing  that  the  general  form  of  the 
insulator  shall  not  help  or  retain  deposits  of  dust,  soot,  etc., 
nor  foster  the  growth  of  spiders  or  other  spinning  insects. 


Fio.  380.— Conieanx's  double  shed  white 
insulator  with  steel  spindle. 


Fio.  381.— Post  office  terminal 
insulator. 


The  insulator  spindles  or  bolts  formerly  employed  were 
of  iron,  but  these  have  given  place  to  steel,  whilst  for  heavy 
stresses  and  terminations  a  specially  heavy  form  of  the 
latter  is  employed. 

Most  of  the  earliest  forms  of  insulator  were  of  the  fixed 
bolt  type  in  which  the  cup  was  cemented  on  to  the  bolt. 
This  type  gives  a  very  much  lower  insulation  resistance 
than  the  screw-cup  type,  owing  largely,  no  doubt,  to  the 
fact  that  in  the  course  of  time  the  cement  develops  small 
cracks  and  fissures.  Moreover,  the  removal  of  the  bolt  from 
the  arm  whenever  a  damaged  insulator  had  to  be  replaced 
was  undesirable  since  the  arms  were  frequently  split  in 
the  process  owing  to  the  bolt  having  rusted  into  the  arm 
and  become  securely  wedged. 
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The  standard  form  of  insulator  is  that  designed  by 
J.  H.  Cordeaux  many  years  ago,  and  illustrated  in  Fig. 
380.  It  is  mounted  upon  a  steel  spindle  the  upper  ex- 
tremity of  which  ends  in  a  flange  and  a  coarse  screw,  whilst 
the  lower  part  serves  for  securing  the  bolt  to  the  arm.  The 
cup  itself  is  of  porcelain  made  in  one  piece  and  having  a 
coarse  female  screw  for  securing  it  to  the  spindle.  The 
cup  is  screwed  down  on  to  the  india-rubber  washer  which 
is  placed  upon  the  upper  flange  of  the  spindle.  This 
gives  the  arrangement  a  small  amoimt  of  flexibility  which 
no  doubt  saves  the  cup  from  breakage  in  the  event  of 
sudden   stresses,   and   it   also  serves   to   prevent  fracture 


Fig.  382.— Section  of  a  Langdon 
insulator. 


Fio.  383.— View  of  a  Langrlon  insulator 
showing  the  line  wire  terminated. 


of  the  cup  due  to  the  differing  coefficients  of  expan- 
sion of  the  metal  spindle  and  the  porcelain  cup.  The 
double  shed  secures  a  dry  and  comparatively  clean  part 
of  the  insulator,  therefore  increasing  the  resistance  which 
a  current  encounters  in  passing  over  the  surfaces  from 
line  wire  to  bolt.  The  outer  shed  in  course  of  time 
becomes  black  by  being  coated  with  the  solid  matter 
(chiefly  carbon)  which  the  atmosphere  contains.  Also,  the 
corrosion  of  the  wire,  if  of  iron,  adds  its  quota  to  this 
deposit.  The  time  taken  for  the  deposit  to  accumulate 
depends  entirely  upon  the  character  of  the  neighbourhood, 
but  arrangements  are  made  to  periodically  remove  and 
cleanse  the  insulators. 

Where  wires  are  terminated  as  at  the  junction  of  under- 
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ground  and  open  lines,  or,  where  a  very  sharp  turn  in  the 
line  occurs,  terminal  insulators  are  employed.  These  insu- 
lators are  of  the  double  shed  screw-cup  form,  but  are  much 
heavier  and  stronger,  and  are  provided  with  two  grooves. 
The  steel  bolt  is  also  heavier,  with  a  broad  flange,  and 
projects  further  into  the  upper  portion  of  the  cup,  which 
is  so  shaped  as  to  keep  the  point  at  which  the  wires  are 
attached  near  to  the  arm  thus  reducing  torsional  stress  upon 
it.  These  details  will  however  be  suflBciently  apparent 
from  a  consideration  of  Fig.  381. 

The  ordinary  standard  spindle  may  be  adapted  to  meet 
heavy  stresses  by  the  addition  of  a  G.I.  washer  2 ''  X  2 '' 
y.  \"  placed  between  the  flange  of  the  spindle  and  the 
arm,  thus  increasing  the  bearing  surface. 

The  Langdon  insulator  is  in  very  considerable  use,  and 


FiQ.  384.— Double  shacklo  insulator. 

Figs.  382  and  383  showing  its  construction  are  given  for 
purposes  of  comparison  with  the  types  already  mentioned. 

The  shackle  type  of  insulator  is  now  rapidly  disappearing, 
but  there  are  still  many  in  xise  upon  minor  lines.  Its 
arrangement  will  be  apparent  from  Fig.  384.  It  may  be 
pointed  out  that  the  current  in  escaping  from  the  line  to 
the  bolt  has  two  paths,  one  over  the  upper  and  one  over 
the  lower  surface,  hence  the  insulation  is  extremely  low. 
The  line  wire  is  also  jointed  at  each  shackle. 

The  side  knob  form  of  insulator  (Figs.  385  and  386)  is 
frequently  employed  to  reduce  the  amount  of  covered  wire 
required  to  lead  a  circuit  into  an  office. 

Where  it  is  necessary  to  terminate  heavy  conductors  the 
vertical  spindle  of  the  insulator  tends  to  cant  the  arm.  In 
order  to  avoid  this  difficulty  "  J  "  bolts  fitted  with  screw- 
cups  of  the  terminal  form  are  frequently  employed  (Fig. 
387).  The  advantage  gained  is  that  the  stress  is  applied 
directly  in  the  plane  of  the  arm-bolt,  and  there  is  therefore 
no  tendency  towards  canting.  Moreover,  the  arms  are  in 
such  cases  invariably  fixed  upon  the  further  side  of  the 
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pole  80  that  the  stress  is  not  taken  by  the  arm-bolt.     The 


FiQ.  385.— Leading  bv  means  of  side-knob 
insulators. 


Via.  886.— Side-knob  insulator. 


bolt  is  of  i  inch  galvanized  iron  when  used  for  heavy  con- 
ductors, but  a  lighter  form  (|  inch) 
is  frequently  employed  upon  roof 
structures  or  where  the  conductors 
are  of  small  gauge  terminated  upon 
2y'  X  2 J- "arms. 

The  terminal  spindle  is  therefore 
only  employed  in  those  cases  in 
which  it  is  necessary  to  terminate 
wires  upon  both  sides  of  the  pole,  as, 
for  example,  in  the  case  of  a  route  of 
open  wires  crossing  a  railway  line. 
In  every  case  in  which  the  use  of 
such  a  spindle  would  produce  a 
torsional  stress  upon  the  arm  J-bolts 

are  invariably  substituted. 


FiQ.  387. 


— J-bolt  and  tenuiual 
insulator. 
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It  may  be  pointed  out  that  insulators  (known  as 
"  medium  "  insulators)  of  the  same  general  pattern  as  that 
illustrated  in  Fig.  380  are  made  in  a  smaller  size  for  use 
with  I ''  J-bolts,  where  there  is  insufficient  space  for  the 
"  large  "  or  standard  size. 

Choice  of  Material  for  Line  Wire. 

The  choice  of  the  material  for  use  as  line  wire  is  practi- 
cally restricted  to  iron,  copper,  and  bronze.  The  latter 
possesses  the  advantage  that  it  can  be  used  safely  in 
smaller  sizes  than  either  iron  or  copper.  The  breaking 
weight  of  a  40  lb.  bronze  wire  is  200  lbs.  w^hilst  that  of 
a  70  lb.  wire  is  345  lbs.,  or  rather  more  than  that  of  a 
100  lb.  copper  wire.  The  resistance  is,  however,  very 
much  higher,  an  ohm-mile  of  bronze  wire  weighing 
19635  lbs.  (see  table,  page  C74).  The  70  lb.  wire  has 
hitherto  been  employed  for  telephone  subscribers'  aerial 
wires  in  connection  with  the  Post  Office  London  telephone 
system.  It  has  recently  been  decided  to  adopt  40  lb. 
conductors  having  a  breaking  weight  of  200  lbs.  and  a 
resistance  of  49**  per  mile.  It  may  be  remarked  that  as 
the  proportion  of  silicon  or  aluminium  is  increased  the 
ductility  and  conductivity  are  reduced  whilst  the  tensile 
strength  is  enhanced.  Phosphor  bronze  wire  has  a  con- 
ductivity equal  to  40  per  cent,  of  that  of  copper  with  a 
tensile  strength  proportional  to  80,000  lbs.  per  square  inch 
for  even  the  finer  wires. 

For  telegraph  circuits  four  sizes  of  iron  wire  are  em- 
ployed, viz.  200  lb.,  400  lb.,  600  lb.,  and  800  lb.  The 
light  wire  is  used  for  all  minor  circuits,  whilst  the  use  of 
800  lb.  wire  is  confined  to  very  long  high  speed  circuits. 
It  is  however  not  so  satisfactory  from  an  electrical  point 
of  view  as  150  lb.  copper.  The  400  lb.  wire  is  the 
standard  for  aU  telegraph  circuits  which  do  not  come 
under  the  headings  of  minor  or  very  long  high  speed 
circuits.  Iron  wire  is  subject  to  deterioration,  and  when 
taken  down  it  is  almost  valueless,  whereas  old  copper  wire 
is  nearly  as  valuable  as  new.  There  is  however  a  distinct 
difference  in  favour  of  iron  between  the  cost  of  a  100  lb. 
copper  and  a  400  lb.  iron  wire,  and  it  is  to  this  fact  that 
the  continued  use  of  the  latter  is  due. 
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The  resistivity  of  iron  is  over  six  times  as  great  as  that 
of  copper,  and  therefore  there  is  a  decided  gain  from  an 
electrical  point  of  view  in  the  use  of  100  lb.  copper  wire 
in  preference  to  400  lb.  iron.  The  600  lb.  and  800  lb.  iron 
wires  are  not  in  extensive  use,  and  it  is  scarcely  likely  that 
either  will  be  again  employed  upon  new  circuits. 

The  use  of  the  lighter  copper  wires  in  place  of  iron 
results  in  an  increase  in  the  number  of  circuits  which 
can  safely  be  added  to  a  pole  line.  Again,  during  storms, 
the  lighter  copper  wires  break  instead  of  the  poles  since 
the  stress  to  which  the  pole  is  subjected  is  but  a  fourth 
of  that  resulting  when  a  tree  falls  upon  an  iron  wire  line. 
It  is  far  easier  to  deal  with  a  breakdown  in  which  the 
supports  are  intact  than  one  where  several  poles  are 
broken.  However,  the  demand  for  copper  is  so  great  that 
its  price  is  very  high,  thereby  precluding  its  use  in  all  but 
essential  cases,  such  as  telephone  circuits. 

The  weight  of  snow  and  ice  which  a  wire  will  carry 
before  breakage  varies  with  the  gauge  of  the  wire — for 
instance,  a  150  lb.  copper  wire  would  carry  only  one-fourth 
the  weight  of  ice  which  a  600  lb.  wire  would  safely  bear  if 
erected  in  a  span  of  equal  length.  Since  the  quantity  of 
ice  which  adheres  to  the  wires  is  found,  under  like  circum- 
stances, to  be  practically  the  same  with  every  gauge  of 
wire,  the  light  wires  may  be  loaded  up  to,  or  beyond,  the 
breaking  point  whilst  the  heavier  wires  are  but  little 
affected.  It  is  from  this  point  of  view  that  the  diameter 
of  open  wires  may  not  be  reduced  below  a  certain  point. 
For  main  lines  150  lb.  wire  is  usually  the  lightest  type  of 
conductor  employed,  whereas  in  towns  and  other  more  or 
less  sheltered  positions  40  lb.  bronze  Avire  may  quite  safely 
be  utilized.  Again,  the  same  gauge  of  wire  erected  in 
60  yard  spans  would  safely  carry  twice  the  weight  of  ice 
per  yard  run  as  it  would  in  85  yard  spans. 

Iron  Wire. 

The  manufacture  of  the  iron  wire  is  a  comparatively 
simple  process.  The  pigs  of  iron  are  puddled  in  a  furnace, 
hammered  into  compact  form,  passed  through  a  series  of 
rollers  which  continually  reduce  the  diameter  of  the  wire, 
and  finally  through  a  number  of  dies  of  regularly  diminish- 
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ing  size.  The  wire  is  drawn  through  these  dies  whilst 
cold,  but  the  dies  do  not  come  into  the  process  until  the 
limit  of  the  rolling  mills  has  been  reached.  The  wire  is 
then  thoroughly  "  galvanized  "  by  passing  the  wire,  after 
heating  and  chemical  cleansing,  through  a  bath  of  molten 
zinc.  This  process  protects  the  wire  from  rapid  oxidation 
and  so  lengthens  its  life.  The  outer  layer  of  zinc  becomes 
oxidized  upon  exposure  to  the  elements,  but  as  zinc  oxide 
is  insoluble  this  layer  forms  a  protective  coating  which 
secures  the  iron  from  oxidation. 

Before  wire  is  accepted  from  manufacturers  it  is  sub- 
jected to  a  series  of  tests  which  may  be  divided  under 
three  headings,  viz.  form,  mechanical  properties,  and  elec- 
trical properties.  In  the  case  of  iron  wire  a  test  is  also 
applied  with  the  object  of  ascertaining  if  the  galvanizing 
has  been  satisfactorily  performed. 


Fia.  388.— Arrangement  of  rollers  for  the  testing  of  iron  wires  during  manu£acture. 

It  is  essential  that  the  possibility  of  breakage  due  to 
defects  in  manufacture  shall  be  carefully  guarded  against, 
and  with  this  object  the  maxinium  tensile  strength  com- 
bined with  ductility  or  absence  of  brittleness  is  specified. 

Since  maximum  resistance  per  mile  together  with  weight 
and  gauge  are  set  forth  the  specific  resistance  of  the  vrire  is 
specified  by  implication. 

The  various  details  of  the  tests  will  be  apparent  from 
the  summary  given  below.  It  may  be  remarked  that  the 
tests  are  made  upon  samples  chosen  at  random. 

Form, — (1)  The  wire  must  be  perfectly  cylindrical  and 
of  uniform  diameter.  (2)  It  must  be  free  from  scale, 
inequalities,  flaws,  splits  and  other  defects. 

(1)  This  is  measured  by  a  micrometer  at  one  or  more 
points  in  every  piece. 

(2)  (a)  The  wire  is  closely  examined  by  the  eye.  (h)  The 
absence  of  splits  is  determined  by  passing  the  wire  over 
four  or  more  rollers  placed  in  positions  selected  by  the 
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Inspecting  Officer  {e.  g.  as  in  Fig.  388),  and  is  sufficiently 
stretched  to  remove  all  bends  or  sinuosities. 

Ductility. — The  wire  is  gripped  between  two  vices,  one 
of  which  revolves  at  a  speed  not  exceeding  one  revolution 
per  second,  thus  subjecting  the  wire  to  torsional  stress.  A 
straight  ink  mark  is  made  upon  the  wire  which,  during 
the  torsion,  becomes  a  spiral  mark  upon  the  wire.  The 
twisting  is  continued  until  the  wire  breaks  when  the 
number  of  spirals  counted  must  not  be  less  than  the 
number  specified  in  the  table. 

Galvanizing, — A  sample  cut  from  any  coil  of  wire  at 
random  is  plunged  into  a  solution  of  sulphate  of  copper 
saturated  at  a  temperature  of  60'^  Fahrenheit,  and  allowed 
to  remain  immersed  for  one  minute.  It  is  then  removed  and 
wiped  clean.  This  process  is  performed  four  times  with 
each  sample  of  line  wire,  but  only  twice  in  the  case  of 
binding  wire,  without  there  being  any  sign  of  a  reddish 
deposit  of  metallic  copper  upon  the  wire,  which  would  be 
the  case  were  the  galvanizing  too  thin. 

The  wire  should  be  capable  of  being  bent  round  bars  of 
the  following  diameters  without  the  galvanizing  showing 
any  signs  of  cracking  or  peeling  off  : — 

For  80()  lb.  wire  2^  inch  bar, 

„   600  1b.     „  2i    „       „ 

„   400  lb.  and  450  lb.  wire  1}    „       „ 
„   2001b.  wire  H     „       „ 

Tensile  Strength, — The  wire  must  be  capable  of  lifting  a 
weight  equal  to  nine-tenths  of  the  minimum  breaking 
weight  for  the  size  of  wire  under  test.  The  remaining 
tenth  is  added  gradually  in  weight  equal  to  at  least  one- 
hundredth  of  the  total  breaking  weight. 

Electrical  Properties, — The  resistance  of  each  test  piece 
(minimum  length  ^V  of  o^®  mile)  is  reduced  to  the  standard 
inversely  as  the  square  of  its  diameter  and  is  calculated  for 
a  temperature  of  G0°  Fahrenheit.  In  the  event  of  dispute 
as  to  the  diameter  of  the  wire  the  test  piece  is  weighed 
and  the  weight  of  one  mile  calculated.  If  the  resistance 
per  mile  multiplied  by  the  weight  per  mile  exceeds  5328  the 
consignment  is  rejected. 
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Galvanized  Iron  Wieb. 


Weight 

per  statute 

mile. 


Ibe. 
800 

000 

460 

400 

800 

60 


lbs. 
767 
833 

570 
630 

427-6 
472-6 

380 
420 

190 
210 

67 
63 


Diameter. 


mils. 
242 

209 

181 
171 
121 


mils. 
237 
247 

204 
215 

177 
186 

167 
175 

118 
124 

64 
68 


h 
li 


Testa  for  ductility  and  strength. 


1^ 


mils. 
84 

6 

64 

74 

104 

16 


lbs. 
8,480 

1,800 

1,8<S0 

1,900 

eoo 


£■9 


5i 


^ 


lbs. 
2,550 

1,850 

1,385 

1,230 

620 


lbs. 
2,620 

1,900 

1,420 

1,260 

640 


Used  only  for  bindiDg 
and  jointing. 


11 


H    OB 

P 


18 
17 
21 
22 

26 

25 
in  3 
ins. 


1 

il 
P 


Sland- 

anl 
ohms. 

666 

8-88 

11*84 

18  32 

26^ 


82 

5 


lbs. 

90 

120 

90 
120 

90 
120 

90 
120 

40 
65 

5 

14 


CoppEE  Wire. 

Form. — The  wire  must  be  perfectly  cylindrical,  uniform 
in  quality,  pliable,  free  from  scale,  inequalities,  flaws, 
splits,  and  other  defects.  This  is  tested  by  micrometer 
and  by  visual  examination. 

Ductility. — (1)  The  wire  must  be  capable  of  being 
wrapped  in  six  turns  roimd  wire  of  its  own  diameter,  un- 
wrapped, and  again  wrapped,  in  six  turns  round  wire  of  its 
own  diameter  in  the  same  direction  as  the  first  wrapping 
without  breaking. 

(2)  The  wire  is  gripped  by  two  vices,  one  of  which  wiU 
be  made  to  revolve  at  a  speed  not  exceeding  one  revolution 
per  second.   The  twists  thus  given  to  the  wire  are  reckoned 

XX 
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by  means  of  an  ink-mark,  which  forms  a  spiral  on  the 
wire  during  torsion,  the  full  number  of  twists  to  be  visible 
between  the  vices. 

Tensile  Strength. — Tests  for  tensile  strength  are  made 
with  a  lever  or  other  machine. 

Electrical  Propei'tiea. — The  electrical  resistance  of  each 
test  piece  or  sample  (minimum  length  ^^V  mile)  shall  be 
reduced  according  to  its  diameter,  and  shall  be  calculated 
for  a  temperature  of  60°  Fahrenheit. 

Hard  Drawn  Copper  Wirr. 


Weight  per 
statute  mile. 


Stand- 1   Range 
ard.      allowed. 


lbs. 
800 

eoo 

400 
800 
900 

180 
100 

183 
113 

70 


lbs. 

784 
816 

588 
612 

392 
408 

294 
806 

196 
204 

147 
153 

98 
102 

178 
186 

110 
115 


68 
72 


Approximate 
eqairalont 
diameter. 


Stand- 
ard. 


mils. 
824 

194 

168 

187 

119 

97 

79 

{40) 


Range 
allowed. 


22 

Ill 

S8 


mils. 
221i 
226 


192 
195i 


6 

8 

94 

114 

18 

14 

Pi'/" 


1664' 
160 

1354 
1384 

111 
118 

96 

98 

78J 
80   ■ 


No. 
44 


m   m).8/i8 


III 

n 
1° 

Ibe. 

2,400 

16 

1,800 

1 
1- 

20 

1,260 

a 

25 

950 

.30 

650 

^20 

490 

25 

330 

.5* 

s 

30 

580 

60 

350 

.60 

Maximum 
resistance 
per  mile 
when  re- 
duced to 
standard 
diameter. 


Brokze  Wire. 


66 


66 
67 


16         846 


16  in 
3  ins. 


Standard 
ohms. 

1-098 


1-464 
2  197 
2-929 
4-329 
6-867 

8-785 

4-992 
(34-36) 

8-112 
(23-86) 

98*06 


Weight 

of  each 

piece  or 

coil  of 

wire. 


lbs. 


,    100 
'    140 


) 


76 
100 


60 
70 


SO    I 
60     , 


80 
60 
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BiNDING-IN. 

Iron  wire  is  bound  to  the  insulator  with  60  lb.  iron 
wire,  of  which  four  feet  is  required  for  400  lb.  wire  and 
three  for  200  lb.  wire.  The  method  of  binding-in  is 
shown  in  Fig.  389,  and  is  preferable  to  the  method  formerly 


sznmr 


O  A  B  D 

Fio.  889.— Method  of  biuding-in  irou  wires. 

in  use.  Two  laps  of  binding  wire  are  taken  over  the  line 
wire  at  A.  The  imier  end  is  then  taken  round  the  neck  of 
the  insulator  to  the  under  side  of  the  line  wire  at  B,  and 

LINE   WIRE- 

f  l'  fjfj^  f  f  ^ — 

SECTION  OF 
INSULATOR 
AT  THE  GROOVE 


f*^ji?*-y#y#y#/-»'"'*^'*r«/^#Af*  -'-"' 


u 

BINDER. 


Fio.  390— Method  of  binding-in  copper  wires,  tapes,  and  binders. 

after  one  complete  lap  is  taken  back  round  the  insulator  to 
A,  and  lapped  on  the  line  wire  for  about  a  dozen  turns  to 
C.  The  other  end  of  the  binding  wire  is  taken  from  the 
under  side  of  the  line  wire  at  A  round  the  neck  of  the 
insulator  to  the  upper  side  at  J5,  and  similarly  lapped 
over  the  line  wire  to  D. 

Copper  wires  are  secured  to  the  insulators  by  binders 
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and  tapes.  The  binder  consists  of  a  round  copper  wire  of 
suitable  size  with  flattened  ends.  The  tape  is  47  mils 
thick,  is  tightly  lapped  round  the  line  wire  with  the  aid 
of  a  pair  of  tongs  having  roughened  jaws,  and  serves  to 
prevent  chafing  due  to  the  swinging  of  the  wires  under  the 
influence  of  wind.  The  arrangement  is  shown  in  Fig.  390, 
and  it  may  be  said  to  be  quite  the  most  effective  method  of 
binding  which  has  yet  been  devised.  In  the  event  of  the 
line  wire  breaking  in  the  span  the  binder  holds  the  mre 
quite  securely,  and  prevents  it  from  ninning  back.  It  is, 
however,  quite  essential  that  the  binder  should  be  lapped 
round  tlie  wire  in  opposite  directious  upon  either  side  of 
the  insulator.  The  first  two  turns  of  the  binder  round  the 
line  wire  and  tape  are  formed  by  the  round  portion  of  the 
binder.  The  dimensions  of  the  tapes  and  binders  used  for 
the  various  types  of  line  wire  are  given  below : — 


Fio.  891. — ^A  joint  in  the  line  wire. 


Weight  of  wire  per  mile. 

binder. 

Copvor  tape 
(47  mils  thick). 

Line. 

Binder. 

Ijength. 

Width. 

lbs. 
800\ 
600/ 
400\ 
800/ 
200\ 
150/ 
100 

lbs. 
400 

200 

150 
100 

Inches. 
19 

19 

17 
17 

Inches. 
24 

23 

22 
22 

Inches, 
i 

Joints. 

The  form  of  joint  used  for  line  wires  is  of  the  well-known 
Britannia  type,  but  the  ends  of  the  conductors  are  nicked 
and  broken  off  before  the  three  turns  of  binding  wire  is 
applied  to  each  single  conductor.  For  jointing  iron  wires 
60  lb.  G.L   is  used  and  for  copper  wires  50  lb.  tinned 
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copper  wire.  The  wires  are  lapped  as  shown  (Fig.  391) 
and  soldered,  care  being  taken  not  to  apply  any  more  heat 
than  is  necessary  so  as  to  avoid  annealing  the  wire.  The 
flux  employed  is  known  as  Baker  s  soldering  fluid,  and  to 
secure  a  satisfactory  joint  the  wires  must  be  scraped  quite 
clean  before  jointing  is  attempted.  In  the  case  of  copper 
wires  especial  care  is  requisite  in  soldering,  and  the  joint 
should  be  allowed  to  cool  gradually,  and  should  never  be 
chilled  by  placing  it  in  water. 

For  large  conductors  such  as  600  lb.  and  800  lb.  copper 
or  iron  wire  two  pieces  of  binding  wire  of  the  same 
material  are  placed  in  the  spaces  between  the  conductors 
in  order  to  ensure  a  solid  joint.  This  is  illustrated  in 
Fig.  392. 


Fio.  392.— Method  of  jointing  large  conductors. 

Defective  joints,  due  to  carelessness  or  lack  of  cleanliness, 
cause  considerable  trouble  in  the  few  cases  where  they 
exist.  Water  enters  the  joint,  and  its  resistance  is  not 
only  high  but  is  variable,  and  upon  telephone  circuits  noises 
are  at  once  produced.  Since  the  defective  joint  may  occur 
in  the  centre  of  a  span  it  is  only  possible  to  trace  it  by  a 
series  of  localization  tests. 

Earth  Wiring. 

In  order  to  prevent  current  leaking  from  wire  to  wire 
vid  the  insulators  and  arms  and  also  to  provide  a  lightning 
conductor  every  pole  is  "  earth-wired."  The  arms  are  earth 
wired,  as  shown  by  the  dotted  lines  in  Fig.  378,  the  arm-bolt 
making  connection  with  the  wire  when  fixed  in  position.  A 
400  lb.  G.I.  wire  is  fitted  to  the  side  of,  and  is  looped  at 
right  angles  around,  but   it  is  not  soldered  to,  the  arm 
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bolt;  it  is  thus  clamped  between  the  bolt-head  and  the 
washer  which  is  interposed  between  the  bolt  and  the 
back  of  tlie  pole.  The  upper  end  of  the  wire  projects 
above,  but  should  not  make  contact  with,  the  pole  roof,  and 
acts  as  the  point  of  the  lightning  conductor,  whilst  the 
remainder  of  its  length  is  stapled  down  the  pole  to  the 
butt,  on  the  bottom  of  which  it  is  stapled  in  two  or  three 
turns  in  the  form  of  a  volute.  In  all  ordinary  soils  this 
provides  a  sufficiently  good  earth  for  the  purpose,  but  in 
rock,  or  upon  viaducts,  it  is  better  to  omit  the  earth  wire 
unless  a  special  wire  well  earthed  at  the  ends  of  the 
sections  is  provided  for  linking  up  the  whole  of  the  earth 
wires. 

With  the  poles  and  arms  earth-wired  the  current  which 
escapes  over  the  insulator  to  the  arms  is  provided  with  a 
path  direct  to  earth  and  therefore  does  not  leak  on  to  other 
circuits.  Without  this  provision  wires  which  occupied  the 
same  relative  positions  upon  the  arms  for  very  considerable 
distances  exhibit  partial  contact  during  wet  weather.  It  is 
true  tliat  earth-wiring  reduces  the  insulation  of  the  circuits, 
but  it  is  preferable  to  do  this  rather  than  to  have  even  one- 
tenth  part  of  the  current  so  lost  making  its  appearance 
upon  other  circuits. 

In  neighbourhoods  where  iron  wire  will  not  last,  old 
copper  wire,  secured  by  copper  staples,  is  frequently  used 
for  earth-wiring,  but  owing  to  the  extra  cost  this  coui-se  is 
is  only  adopted  where  it  is  imperatively  necessary.  It  is 
moreover  desirable  to  groove  the  poles  to  receive  the  wire 
for  at  least  6  feet  above  the  gi-ound-line,  thus  rendering  it 
difficult  for  the  wire  to  be  stolen. 

Dimensions  of  Poles. 

The  length  of  the  poles  required  to  erect  a  given  line  is 
determined  by  the  obstructions  encountered  en  route  but 
with  the  qualification  that  the  lowest  wire  upon  the  line, 
when  carrying  the  maximum  number  of  wires  for  which 
it  is  designed,  shall  not  be  less  than  12  feet  from  the 
ground  upon  country  roads,  nor  less  than  20  feet  at  road- 
crossings,  or  over  railway  lines.  In  villages  or  small  towns 
the  lowest  wire  should  be  given  a  greater  elevation  in 
order  to  secure  immunity  from  wilful  damage,  and  also  to 
keep  the  wires  above  the  top  windows  of  the  houses  which 
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they  pass.  It  is  firstly  necessary  to  determine  the  number 
of  wires  which  the  line  will  ultimately  cany  in  order  to 
decide  the  height  of  the  timber. 

The  diameter  of  the  pole  is  determined  by  its  length 
and  the  maximum  wind  pressure  to  which  the  structure, 
with  its  ultimate  number  of  wires,  is  likely  to  be  subjected. 
The  wind  pressure  is  made  up  of  two  parts,  that  acting 
directly  upon  the  pole  itself  and  that  exerted  upon  the 
wires  which  it  carries.  These  points  will,  however,  be 
separately  dealt  with  later. 

In  order  to  meet  the  varying  requirements  three  classes 
of  poles  are  used  and  are  respectively  known  as  light, 
medium,  and  stout  poles.  The  type  to  be  used  is  fixed  by 
the  idtimate  number  of  wires  which  the  line  will  be 
required  to  carry: — 

Light  poles  from  1  to  5  wires 
Medium  „         „     6  to  10    „ 
Stout      „    over  10  wires 

The  poles  are  stocked  in  lengths  varying  from  18  feet  to 
85  feet. 

The  dimensions  of  a  30  foot,  40  foot,  50  foot,  and  a  60 
foot  pole  of  each  of  the  three  classes  are  given  below  for 
purposes  of  comparison. 


Sizes  of  light  poles. 


Sixes  of  mediam  poles. 


Sizes  of  stout  poles. 


Diameter  at 
top. 


7^ 


5 
5 


6 

7 
7i 


III 

5  «  2 


7i 
8 

94 
11 


Diameter  at 
top. 


6 
6 
64 

7 


7i 
74 


m 

m 


Diameter  at 
top. 


i 

B 

•a 


114 

13i 


74 
74 
7f 
8 


I 


»4 
lOi 

104 


III 
III 


lOi 
12 
13i 
154 


The  distances  between  the  poles  vary  from  60  to  75 
yards,  according  to  the  type  of  line.  For  minor  lines  of 
light  character  80  yards  (22  poles  per  mile)  is  the  standard 


680 


TELEGRAPHY 


span,  but  upon  important  routes  60  yard  spans  (30  poles 
per  mile)  are  adopted.  These  figures,  however,  represent 
the  ideal  conditions,  but  in  practice  many  modifications  are 
necessary.  In  constructing  a  route  the  wayleave  question 
enterfe  into  the  problem  to  a  serious  extent,  and  therefore  an 
80  yard  span  upon  a  heavy  main  line  is  by  no  means  the 
rarity  one  would  desire.  Where  staying  facilities  cannot 
be  obtained  it  is  often  necessary  to  reduce  the  lengths  of 
the  spans  so  as  to  distribute  the  lateral  stresses  over  a  larger 
number  of  poles. 

In  the  London  telephone  system*  70  yards  has  been 
adopted  as  the  standard  span ;  but  it  must  be  recollected 
that  the  lines  are  invariably  of  70  lb.  bronze  wire,  whereas 
main  telegraph  and  telephone  trunk  lines  caiTy  much 
heavier  conductors. 

Depth  to  which  Poles  are  Buried. 

In  ground  of  ordinary  character  poles  are  buried  to  a 
depth  equal  to  one-fifth  of  their  length,  subject  to  tlie 
qualification  that  no  pole  shall  be  buried  less  than  four,  nor 
more  than  six  feet.  In  loose  ground  some  extra  depth  is 
given,  whilst  in  rocky  ground  it  is  not  necessary  to  go  quite  • 
80  deep.  Again,  it  may  in  special  cases  be  necessary  to  set 
the  poles  in  Portland  cement  concrete  formed  by  mixing 
one  part  of  Portland  cement,  one  part  of  river  sand  or 

screened  gravel,  and  four  parts 
of  screened  river  ballast  or 
broken  brick  or  stone  of  such 
a  size  as  to  pass  through  a  1^ 
inch  ring.     These  are  matters 

^^:.Vl;i;k  ""-^5^^^  ^^l""}  r^J"^,^   experience  to 

SJI  |$J  satisfactorily  deal  with,  and  no 

rule  which  fits  every  case  likely 
to  arise  can  be  given.  The 
pole  should  be  buried  to  the 
minimum  depth  which  will 
ensure  that  it  will  not  be 
pulled  over  by  the  wires,  and 
that  in  the  event  of  an  extra- 

ordinaiy  stress  the  pole  will  be  held  by  the  ground  until 

the  breaking-point  is  reached. 

The   post-holes,   which   should  be  made  as  narrow  as 


PLAN 


HOLE. 


SECTION 
OF     HOLE 


Fia.  398.— Plan  and  section  of  hole. 
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possible  and  stepped  as  shown  in  Fig.  393,  are  dug  in  the 
line  of  the  wires  wherever  possible  in  order  that  the  pole 
may  be  bedded  against  solid  earth,  for  no  matter  how 
thoroughly  the  earth  which  has  been  removed  is  punned 
when  replaced  it  is  never  as  solid  as  that  which  has  remained 
imdisturbed.  Under  normal  circumstances  there  is  little 
or  no  tendency  for  the  pole  to  move  in  the  direction  of  the 
length  of  the  wires,  whilst  there  is  only  the  rigidity  of  the 
earth  in  which  the  pole  is  buried  to  prevent  its  rocking 
laterally  due  to  wind-pressure. 

In  marshy  ground  it  is  advisable  to  fix  a  block  of  wood 
at  the  butt  in  the  same  manner  as  with  strutted  poles.  In 
some  cases  the  pole  is  blocked  at  the  base  and  also  just 
below  the  ground  line,  large  stones  frequently  being  added 
in  order  to  increase  the  bearing  surface.  These  blocks  may 
be  formed  from  sound  lengths  of  old  poles,  split  down  the 
centre,  coated  with  creosote  and  ter  mixture  and  secured  to 
the  pole  by  G.I.  spikes.  The  flat  sides  of  the  two  blocks 
should  bed  against  the  solid  earth  in  the  line  of  the  wires 
and  should  be  fitted  upon  opposite  sides  of  the  pole,  the 
upper  block  being  placed  upon  the  side  towards  which  the 
pole  is  likely  to  be  displaced  as  the  result  of  lateral  stress 
due  to  the  wires  forming  an  angle  at  the  pole  or  produced 
by  the  prevailing  winds.  The  lower  block  prevents  the 
pole  from  sinking,  and  at  the  same  time  keeps  the  base  of 
the  pole  immovable  owing  to  the  comparatively  large  area 
which  it  offers  to  movement  through  the  soil.  In  similar 
manner  the  upper  block  prevents  movement  at  that  point,  so 
providing  the  rigid  structure  which  it  is  the  prime  object  of 
all  good  construction  to  secure. 

Newly  creosoted  poles  frequently  exude  a  quantity  of 
creosote  after  their  erection,  and  in  order  to  prevent  it  from 
flowing  on  to  the  pavement  a  depressed  space  is  left  around 
the  base  of  the  pole  to  aUow  the  creosote  to  sink  into  the 
earth.  In  some  cases  it  is  also  desirable  to  fit  wooden  laths 
around  the  lower  part  of  the  pole  in  order  to  obviate  any 
risk  of  damage  to  the  clothes  of  persons  using  the  road,  but 
the  lagging  is,  of  course,  removed  immediately  the  creosote 
has  dried. 

Stays. 
At  angles  in  the  line  the  poles  are  subjected  to  a  lateral 
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stress  tending  to  pull  the  pole  over  in  the  direction  which 
would  eliminate  the  angle.  The  design  of  poles  capable  of 
withstanding  this  stress,  in  addition  to  that  resulting 
during  a  gale,  is  quite  impracticable  on  account  of  the  size 
and  cost  of  the  structure  necessary.  Wherever  possible 
stranded  iron  wire  stays  are  employed,  on  account  of  their 
small  cost  and  eflBciency.  The  stay  wire  employed  is  of  two 
types,  viz.  either  four  or  seven  strands  of  No.  8  galvanized 
iron  wire.  The  breaking  weight  of  the  former  is  from  50 
to  55  cwt.,  and  of  the  latter  87  to  91  cwt.  The  type  of  wire 
chosen  depends,  of  course,  upon  the  stress  which  it  is 
required  to  withstand;  but  this  point  is  dealt  with 
subsequently. 

The  efficiency  of  a  stay  is  in  proportion  to  the  length  of 
the  spread,  and  the  stay  has  to  bear  the  least  stress  when 


Fia.  394.— Stay  rod  and  bow  with  ratchet  nut. 

it  makes  an  angle  of  90°  to  the  pole.  To  obtain  a  very  wide 
angle  would  entail  the  use  of  a  considerable  length  of  stay 
wire,  and  it  would  therefore  be  more  economical  to  provide 
two  stays  making  a  smaller  angle  with  the  pole ;  for  ordinary 
lateral  stays  the  spread  should  not  exceed  half  the  height 
of  the  resultant. 

The  function  of  the  stay  rod  and  bow  is  to  connect  the 
stay  wire  to  the  buried  stay  block,  and  to  provide  a  means 
of  adjusting  the  tension  upon  the  stay  wire.  The  upper 
end  of  the  rod  (Fig.  394)  is  provided  with  a  screw  thread 
and  nut,  which  latter  normally  holds  the  stay  bow  in 
position.  The  stay  wire  is  passed  round  the  thimble  upon 
the  stay  bow  and  spliced,  and  the  nut  is  then  tightened  by 
means  of  a  spanner.  In  order  to  prevent  the  nut  from 
untwisting  and  so  allowing  the  stay  to  become  slack  the 
base  of  the  bow  and  the  nut  are  cut  so  as  to  form  a 
ratchet. 
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The  rods  are  made  in  three  sizes,  viz  : — 


6  feet  long  and  »  inch  in  diameter  : — 
8  ^ 


Breaking  weight. 

95  cwts. 
140    „ 
260    ., 


The  first-named  size  is  only  employed  where  f  stay  wire 
is  adequate,  whilst  the  last-named  is  usually  employed  in 
connection  with  "V"  stays  or  other  cases  of  excessive  stress. 

The  stay  rod  is  passed  through  a  hole  in  the  centre  of  the 
stay  block,  which  consists  of  a  creosoted  block  of  redwood 
of  one  of  the  three  sizes  detailed  below : — 


Deacription. 

Dimensions  in  inches. 

Length. 

Breadth. 

Thickness. 

Light 

Medium 

Heavy 

24 
86 
42 

10 

9 

10 

5 
5 

The  large  square  washer  which  is  placed  between  the 
bolt-headed  end  of  the  rod  and  the  stay  block  serves  to 
secure  a  satisfactory  bearing  surface  against  the  wood. 
Without  this  washer  the  rod  would,  in  course  of  time,  work 
its  way  through  the  block. 

The  stay  blocks  are  buried  to  a  depth  of  from  3'  6"  to  6' 
according  to  the  nature  of  the  ground  and  the  stress  to 
which  the  support  will  be  subjected.  It  may,  however,  be 
remarked  that  only  stays  upon  very  light  lines  should  be 
buried  to  the  minimum  depth. 

The  hole  for  the  stay  (Fig.  395)  should  be  undercut,  and 
the  earth  removed  to  allow  the  rod  to  come  into  line  with 
the  stay  should  be  as  narrow  as  ix)S8ible.  In  this  way  a 
bedding  of  solid  earth  for  the  block  to  pull  against  is 
secured,  and,  under  ordinary  circumstances,  there  is  little 
chance  of  the  stay  being  drawn  or  uprooted. 

In  rock  a  hole  is  sometimes  drilled  and  the  rod  leaded 
into  it.  This  method  is  far  less  costly  than  forming  a  hole 
in  the  ordinary  way,  and  is,  moreover,  quite  as  efficient  if 
the  work  is  carefully  performed. 
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Where  one  stay  is  sufficient  to  take  the  stress  exerted 


upon  a  pole  this  stay  should  be  fixed  at  the  centre  of  the 
stresses  produced  by  the  wires,  or  at  the  "  resultant  point," 
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as  it  is  usually  tei-med.  There  will  then  be  little  or  no 
tendency  for  the  pole  to  buckle.  The  effects  of  disregard 
of  this  rule  are  rendered  sufficiently  ob^dous  by  Figs.  396 
and  397. 


Fia.  896.— Stay  attached  above  the 
nuttltant  point. 


Fio.  897.— Stay  attached  below  the 
resultant  point. 


The  stay  should  act  directly  against  the  force  exerted  by 
the  wires,  and  should  bisect  the  greater  angle  made  by  the 
wires  (Fig.  398). 


Fig.  898.— The  stay  should  bisect  the  angle  formed  by  the  wires. 

The  screw  thread  of  every  stay  rod  should  be  kept  coated 
with  a  mixture  composed  of  45  parts  of  tallow,  45  parts  of 
coalrtar,  and  10  parts  of  mineral  pitch,  in  order  to  prevent 
its  destruction  by  rust. 
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Fio.  899.~Pole  with  V-etay  and  fitted  wilb  48"  arms  and  pole  8t«iw. 
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Frequently  it  is  necessary  to  fix  stays  upon  the  grassy 
margin  of  a  road,  in  the  line  of  the  kerb,  or  in  other 
comparatively  open  positions,  and,  in  order  to  avoid  any 
risk  of  users  of  the  road  colliding  with  them,  it  is  essential 
that  the  stays  shall  be  made  as  con- 
spicuous as  possible.  A  stay  guard, 
used  in  these  special  cases,  consists  of  a 
length  of  half  round  timber,  painted 
white,  with  the  round  side  outwards,  and 
lashed  to  the  stay  rod  with  G.I.  wire,  the 
flat  side  of  the  guard  being  recessed  to 
receive  the  bow  whilst  the  upper  end 
finishes  in  a  point.  Such  guards  are 
frequently,  if  not  invariably,  made  by 
sawing  old  poles  into  suitable 
lengths  (the  guard  should  extend 
at  least  six  feet  above  the  ground) 
and  then  cutting  the  blocks 
down  the  centre. 

Where   two  stays    are    re- 
quired   on  account    of    the 
heavy  stress,  they  should  be 
fixed    at    equal   distances 
above    and     below     the 
resultant  joint,  as  indi- 
cated in  Fig.  399.     In 
this  case  a  "V-stay" 
is   shown,  whilst  in 
Fig.  400  two  parallel 
stays  are  depicted. 
The       former 
arrangement  is  in 


Fig.  400.— Parallel  stays. 

many  cases  to  be  preferred,  and  especially  so  where  the  line 
carries  its  full  capacity  of  wires.  The  stay  wire  is  in  one 
continuous  length,  which  passes  roimd  the  thimble  of  the 
stay  bow,  where  both  sides  are  bound  together  with  No.  11 
G.I.  wire.  When  such  a  stay  is  fixed  upon  grazing  land 
the  two  sides  of  the  wire  should  be  secured  together  at  least 
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8  feet  above  the  ground,  so  as  to  make  it  impossible  for  the 
animals  to  wedge  their  heads  in  the  angle  formed  between 
the  two  sides  of  the  stay. 

The  advantage  of  parallel  stays  lies  in  the  fact  that  the 
second  stay  may  be  added  without  touching  the  first. 
Thus,  in  erecting  a  new  line  to  carry  6  wires  immediately, 
and,  say  32  wires  ultimately,  the  first  stay  would  be  fixed 


Fig.  401.— Roberta  stay  spliciog  looL 


in  the  position  which  it  should  occupy  when  the  line  is  fulL 
When  the  need  for  the  second  stay  arises  due  to  the  addition 
of  wires  it  may  be  fitted  without  in  any  way  interfering 
with  the  first. 

With  parallel  stays  care  must  be  taken  that  the  stays  are 
accurately  parallel,  since  nothing  more  unsightly  than  stays 
at  differing  angles  to  the  pole  can  readily  be  imagined. 
This  remark  does  not  apply  to  a  V-stay,  since  the  line  of  the 
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rod  bisects  the  angle  made  by  the  two  sides  of  the  stay. 
If  a  V-stay  is  inadequate  then  parallel  stays  are  used,  but 
never  a  combination  of  a  V-stay  and  a  single  stay. 

The  number  of  stays  required  to  counterbalance  the 
stresses  exerted  by  a  large  number  of  wires  at  the  first 
pole  upon  the  line  is  occasionally  so  many  that  the  result- 
ing structure  would  be  of  a  most  unsightly  character.  In 
such  cases  1^  inch  round  solid  iron  rods  are  frequently 
employed  instead  of  the  stranded  stay  wire,  a  malleable 
iron  casting  for  clipping  the  pole  being  attached  to  the  rod. 
A  special  spiked  fitting  is  clipped  on  to  the  rod  so  as  to 
prevent  boys  climbing  up  the  stays,  but  the  points  are  not 
suflSciently  sharp  to  cause  injury  to  cattle.  With  stranded 
stay  wires  barbed  wire  is  often  fitted  at  a  height  of  not  less 
than  10  feet  above  the  ground-line. 

The  method  of  fixing  the  stay  to  the  pole  is  to  take  the 
end  of  the  stay  wire  twice  round  the  pole,  and  to  "  make  it 
off  "  upon  itself.  The  first  turn  round  the  pole  should  be 
parallel  with  the  ground  line,  whilst  the  second  turn  should 
come  downwards  in  the  direction  of  the  stay.  Where  the 
two  sides  of  the  wire  cross  at  the  back  of  the  pole  a  single 
staple  is  put  over  both. 

The  same  form  of  splice,  devised  by  M.  F.  Roberts,  is 
made  at  the  stay  bow  and  at  the  pole.  The  loose  end  of 
the  stay  is  unstranded,  and  the  wires  placed  symmetrically 
around  the  part  of  the  stay  wire  to  which  it  is  to  be  spliced. 
Each  wire  is  successively  bound  round  the  stay  wire,  and 
the  remaining  strands  thus  : — 


1st  wire  8  laps  around  main,  binding  in  6  loose  wires 
2nd     „    8     „        „  ,.  „        5 


3rd 

7 

4 

4th 

7 

3 

5th 

7 

2 

6th 

6 

1 

7th 

6 

— 

The  length  of  the  completed  splice  is  about  8^  inches. 
For  ^  strand  the  four  wires  should  make  8,  8,  7,  and  7  laps 
respectively. 

The  work  is  considerably  facilitated  by  the  use  of  the 
Roberts'  stay  tool  depicted  in  Fig.  401. 


Y  y 
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Fio.  402.— A  top  and  a  side  view  of 
a  stay  crutch. 


Under  no  circumstances  should  a  stay  wire  approach 
within  3  inches  of  any  line  wire,  and  where  the  circumstances 
are  such  that  this  clearance  cannot  otherwise  be  obtained  a 
f  inch  G.I.  stay  crutch  of  the  form  shown  in  Fig.  402  is 

fitted.  The  three  legs  are 
secured  to  the  pole  by  means 
of  coach  screws  and  the  stay 
bound  in  so  as  to  prevent  it 
from  being  jerked  out  of  the 
fork  by  motion  of  the  pole  due 
to  sudden  gusts  of  wind.  The 
crushing  or  breaking  stress  of 
a  stay  crutch  itself  is  5  tons. 

A  pole  spur  (Fig.  403)  is 
frequently  used  in  those  cases 
in  which  the  stay  has  to  be 
fixed  within  say  12  or  15  inches 
of  the  pole,  It  is  somewhat 
shorter  than  a  stay  crutch  but 
is  provided  with  an  upper  leg, 
and  the  f  inch  size  has  a  breaking  stress  of  7  tons.  The 
fitting  is  occasionally  employed  to  truss  a  pole>  as  for 
instance  in  the  case  of  an  angle  pole  which  cannot  be  stayed. 

The  pole  may  be  blocked  at 
the  butt  and  just  below  the 
ground-line  (as  previously 
described)  thus  securing  that 
the  base  of  the  pole  shall  be 
perfectly  rigid.  In  order  to 
strengthen  and  to  prevent  the 
pole  from  buckling,  a  pole 
spur  is  fitted  half-way 
between   the   resultant    and 

Pio.403.-A  pole  spur.  ^^^   ^^^^    ^^    ^^^    ^^^^   ^^^    ^ 

length  of  stay  wire  is  then  secured  to  the  pole  at  the  resultant 
point,  passed  over  the  spur,  and  is  terminated  upon  an 
ordinary  stay  rod  which  is  fixed  by  nailing  its  G.I.  washer 
beneath  the  butt  of  the  pole.  The  an*angement  is  not 
altogether  satisfactory  and  is  only  adopted  in  very  special 
circumstances. 


THE  CONSTRUCTION  OF  AERIAL  LINES       691 

Struts. 
A  stay  may  be  defined  as  a  support  which  is  subjected 


to  tensile  stress,  whereas  a  "  strut "  is  primarily  designed 
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to  withstand  a  compressive  or  cmshing  stress.  When 
erected  in  the  manner  to  be  described  a  strut  will  also  act 
as  a  stay,  but  its  cost  is  considerably  higher  and  its  use  is, 
in  practice,  restricted  to  those  cases  in  which  it  is  impossible 
to  use  a  stay.  With  the  old  24  and  33  inch  arms  a  strut 
could  usually  be  fitted  at,  or  very  near  to,  the  resultant 
point,  but  with  4-wire  arms,  such  as  are  now  universally 
employed  consequent  upon  the  growth  of  the  lines,  the 
strut  has  to  be  fitted  below  the  arms.  This  involves  con- 
siderable risk  in  the  case  of  heavy  lines,  since  the  pole  is 
quite  likely  to  break  at  this  point  during  heavy  gales.  The 
danger  can  be  obviated  by  fixing  an  outrigger  and  stay 
opposite  the  junction  of  the  strut  and  the  pole;  but  the 
arrangement  is  unsightly  and  not  very  efficient,  since  the 
stay-wire  is  likely  to  stretch  under  the  enormous  stress 
to  which  it  is  subjected.  The  better  plan  is  unquestionably 
fo  employ  A  or  H  poles  in  these  cases. 

The  strut  (Fig.  404)  consists  of  a  pole  of  somewhat 
lighter  character  than  the  pole  to  which  it  is  to  be  fitted. 
The  upper  end  of  the  strut,  which  should  be  at  least  j^-inch 
thick  at  the  tip,  is  carefully  cut  to  fit  the  pole,  and  two 
parallel  bolts  with  nuts  passing  through  both  secures  it  in 
position.  The  pole  itself  should  upon  no  account  be  cut  to 
receive  the  strut,  because,  by  doing  so,  it  would  be  weak- 
ened at  the  very  point  where  considerable  strength  is 
needed.  The  cut  end  of  the  strut  should  be  painted  with 
tar  and  creosote — a  remark  which  applies  to  every  cut  of 
every  description  which  is  made  in  a  pole,  whetier  for 
scarfing,  aiming,  or  other  similar  purpose. 

At  a  suitable  point  the  pole  and  strut  are  rigidly  con- 
nected together  by  a  bolt  and  a  length  of  1  inch  wrought 
iron  tubing.  The  bolt  passes  through  the  strut,  spacing 
tube,  and  pole.  The  spacing  tube  banks  against  washers 
upon  the  imder  sides  of  the  sti-ut  and  pole,  thus  preventing 
the  tightening  of  the  bolt  from  buckling,  or  tending  to 
buckle,  the  strut. 

At  each  side  of  the  pole  a  galvanized  iron  washer 
3^"  X  2\''  X  "^  is  employed,  whilst  the  inner  side  of  the  strut 
is  built  up  by  means  of  tapered  round  washers  so  as  to 
provide  a  perpendicular  surface  for  the  W.I.  tube  to  bed 
against.  Upon  the  outside  leg  of  the  strut  a  rectangular 
tapered  washer,  hollowed  to  suit  the  round  pole  is  fitted, 
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and  above  this  a  round  tapered  washer  for  the  nut  of  the 
bolt  to  bank  against. 

In  the  very  exceptional  cases  in  which  a  strutted  pole  is 
in  such  a  position  that  a  horseman  can  ride  between  the  pole 
and  its  strut  the  tie  bolt  is  fitted  at  least  12  feet  above  the 
ground.     Also,  where  a  strutted  pole 
or  an  A-pole  has  an  opening  which  is 
not  sufficient  for  cattle  to  pass  through 
but  in  which  they  might  possibly  get 
jammed,  a  vertical  guard  of  creosoted 
timber  6  or  8  feet  long  with  a  pointed 
tip  should  be  fixed  in  the  centre  of  the 
aperture.      A  similar  guard  is  some- 
times required  in  the  space  between 
a  pole  and  the  wall  where  the  space  is 
restricted. 

A  strutted  pole  has  a  tendency  to 
lift  out  of  the  ground  by  the  sinking 
of  the  strut  and,  in  order  to  prevent 
this,  the  pole  and  strut  are  cut  to 
receive  a  couple  of  stay-blocks,  which 
are  secured  to  them  by  f ''  bolts  and 
nuts. 


A-POLES. 

For  heavy  stresses  where  a 


stay 


cannot  be  fixed  A-poles  (Fig.  405)  are 

frequently  employed.    A  long  scarfed 

joint    is   made,    and   the  two   poles 

secured  by  a  couple  of  f  bolts,  a 

tie-rod  and  tube,  and  a  wooden  block 

brace  or  transom.     The  poles  are  each 

reduced  by  not  more  than  one-third 

of  their  diameter,  and  the  cuts  are 

covered   with    tar    and   creosote,    so 

forming  an  air  and  water  tight  joint 

and  thus  preventing  premature  decay.    The  tie-bar  and  tube 

are  employed,  and  is  fixed  half-way  down  the  pole,  two  round 

washers  being  used  at  the  ends  of  the  tube  and  two  hollowed 

tapered  washers  against  the  outsides  of  the  two  poles.     The 

transom  consists  of  a  block  of  creosoted  wood,  7  or  8  inches 

square  and  of  suitable  length.     This  produces  an  extremely 


Fio.  406.— An  A-pole 
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Fig.  400.— An  H-polc. 


rigid  Btnicture,  the  efficiency  of 
which  is  still  further  increased 
by  the  bracing  effect  of  the  arms 
which  are  each  secured  by  two 
arm  bolts,  one  through  each  pole. 
In  very  exceptional  cases  it  may 
be  advisable  to  also  block  the 
poles  at  the  base  and  ground  line 
in  the  manner  described  in  the 
case  of  poles  in  soft  ground 
(p.  681).  In  ordinary  circum- 
stances the  spaces  between  the 
two  poles  should  not  exceed  12 
inches  at  the  ground-line,  thus 
giving  a  scarfed  joint  5  or  6  feet 
long. 

In  erecting  these  poles  at  angles 
the  outer  leg  should  be  placed 
almost  vertical,  so  that  when  the 
structure  settles  the  legs  shall 
make  equal  angles  to  the  normal. 
It  is  preferable  to  err  upon  the 
side  of  having  the  outer  leg 
vertical  than  to  have  the  inner 
one,  vertical  so  giving  the  out<*r 
leg  the  appearance  of  a  wooden 
stay ! 

With  A-poles  the  gradually 
increasing  width  of  the  poles  as 
arms  are  added  soon  fixes  a  limit 
to  the  number  of  wires  which  the 
pole  will  carry,  but  this  difficulty 
is  frequently  minimized  by  the 
use  of  72  inch  arms.  Of  course, 
two  different  sizes  of  arms  should 
not  be  used  upon  one  pole,  on 
account  of  the  unsightliness  of 
the  resulting  structure.  One 
earth  wire  only  is  required,  and 
this  is  fixed  in  the  least  con- 
spicuous position. 
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H-POLES. 

Where  space  is  available  the  H-poIe,  designed  by  M.  F. 
Roberts,  is  to  be  prefeiTed  to  the  A  form,  since  it  provides 
for  a  larger  number  of  wires.  The  structure  is  depicted 
in  Fig.  406,  from  which  it  will  be  seen  that  the  poles  are 
connected  together  by  tie-bolts  and  tubes  together  with 
truss-rods  and  rings.  The  object  of  the  arrangement  is  to 
secure  rigidity,  and  convert  what  would  otherwise  be  two 
independent  structures  into  the  equivalent  of  a  lattice 
girder.  The  arms  each  carry  six  wires,  two  of  which  are 
placed  between  the  two  poles.  It  should  be  noticed  that  the 
lowest  tie-bar  is  connected  with  the  wooden  cross-piece, 
notched  at  least  six  inches  in,  at  the  base  of  the  poles  and 
that  the  top  tie-bar  is  provided  with  large  washers  to 
prevent  the  top  truss  rods  from  damaging  the  poles  by 
abrasion,  consequent  upon  slight  lateral  motions  under 
wind  stress.  Two  earth  wires  are  invariably  fitted,  one 
upon  each  pole. 

Where  the  number  of  wires  will  not  exceed  38,  i.e.  6  arms 
and  two  saddle  wires,  medium  poles  are  employed  and  the 
redwood  cross-piece  or  pole  brace  is  6  feet  long  by  8  inches 
square.  Above  this  number,  stout  poles  and  a  brace 
8'  X  8''  X  8''  are  employed.  The  poles  are  18  inches  apart 
in  the  clear  and  the  rods  and  bolts  are  all  of  f ''  metal. 
The  truss  rods  are,  however,  provided  in  3  and  4  feet  lengths, 
so  that  the  trussing  may  be  carried  from  6  inches  above  the 
ground-line  to  any  required  height.  All  the  rods  connected 
to  any  one  ring  must  be  of  the  same  length,  and  where  it  is 
necessary  to  use  sets  of  both  sizes  upon  one  pole  the  longer 
rods  should  be  used  at  the  upper  part  of  the  structure. 

Saddle  Wire. 

Many  lines  carry  a  "saddle"  wire  supported  upon  an 
insulator  of  the  ordinary  double-shed  type.  The  arrange- 
ment is  illiistrated  in  Fig.  407  ;  but  in  this  case  the  saddle 
is  fitted  with  a  "saddle  stay"  to  prevent  canting.  This 
addition  is,  however,  only  necessary  at  angles  in  the  line. 

The  pole  roof  employed  is  of  the  "cut"  type,  and  is 
secured  by  four  3Y'  coach  screws,  which  also  hold  the 
saddle.  At  the  sides  of  the  pole  two  hardwood  wedges 
ai*e  used  for  the  galvanized  hoop-iron  saddle  stay  to  bed 
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against.     The  stay  is  secured  to  the  pole  by  two  coach- 
screws,  one  upon  each  side  of  the  pole. 

When  an  A  pole  is  required  to  carry  a  saddle  wire  a  hard 
wood  cylindrical  pin,  termed  a  trenail,  about  an  inch  in. 
diameter  is  driven  through  both  poles,  parallel  with  the 
arms  and  directly  below  the  apex  of  the  roof  in  such  a 
manner  that  the  coach  screws  securing  the  saddle  in  position 
shall  enter  the  trenail. 


Pole-Steps. 

In  order  to  avoid  the 
use  of  very  long  ladders 
and  to  save  climbing  it 
is  usual  to  fit  pole-steps 
upon  all  long  timber. 
The  lowest  step  is  always 
twelve  feet  from  the 
ground,  so  as  to  render 
them  inaccessible  to  mis- 
chievous persons.  The 
method  of  fitting  the 
steps  will  be  apparent 
from  a  consideration  of 
Fig.  399,  three  coach 
screws  being  employed 
for  securing  the  steps  to 
the  pole.  The  distance 
between  the  steps  upon 
each  side  of  the  pole  is 
2'  6"  and  between  two 
consecutive  steps  upon 
opposite  sides  of  the  pole  15  inches. 


WOOD   ©UOCK 


COACH  SCREVV 


Fio.  407.— A  saddle  fitted  with  a  stay. 


HoOK-GUARDS. 

Where  a  line  takes  the  inside  of  a  curve  upon  a  road, 
hook-guards  are  frequently  employed  to  prevent  a  wire 
which  has  become  detached  from  its  instdator  from  over- 
hanging the  roadway  in  such  a  fashion  as  to  be  a  source  of 
danger.  These  guards  are  fixed  beneath  the  lower  flange 
of  the  insulator  spindle  and  project  above  the  wire.  The 
device  is  open  to  the  objection  that  with  any  but  light 
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wires  it  is  useless,  since  a  heavy  wire  at  once  bends  the 
guard  and  escapes. 

Iron  Poles. 

It  has  already  been  pointed  out  that  the  cost  of  iron 
poles  is  several  times  as  much  as  that  of  wooden  ones,  and 
therefore  their  use  is  restricted  to  the  utmost  extent.  There 
are,  however,  cases  in  which  local  authorities  specially 
desire  the  use  of  iron  in  preference  to  wood,  and  where  the 
streets  are  of  a  busy  character,  or  in  high-class  residential 
districts,  the  request  is  occasionally  granted.  The  diameter 
of  an  iron  pole  is  less  than  that  of  a  wooden  pole  of  the 
same  height  and  strength.  It  is  scarcely  possible  to  describe 
a  telegraph  pole  as  omatnental,  be  it  of  creosoted  or  painted 
wood  or  of  iron,  but,  as  with  electric  tramways  and  street 
lighting,  it  is  necessary  to  sacrifice  appearance  for  the 
common  good. 

Iron  poles  are  divided  into  five  classes,  designated  light, 
medium,  stout,  extra  stout,  and  heavy,  which  are  respect- 
ively designed  to  carry  8,  16,  24,  32,  and  40  wires,  with  a 
maximum  height  of  45  feet  above  the  ground-line. 

The  BuUers'  pole,  which  has  been  adopted  by  the  Post 
Office,  consists  of  a  cast-iron  base,  into  which  is  fitted  the 
wrought  steel  pole  formed  of  either  three  or  four  tubes 
jointed  together.  In  every  case  the  first  two  sections 
consist  of  parallel  tubes,  whilst  the  last  section  is  generally 
tapered.  Each  joint  occupies  a  space  of  one  foot,  hence 
two  11  foot  parallel  tubes  and  one  16  foot  tapered  tube 
forms  a  pole  35  feet  lo|ig  (1  foot  of  the  first  tube  in  the 
socket  of  the  base,  1  foot  of  second  tube  within  the  first, 
and  1  foot  of  the  third  tube  within  the  second).  The 
tubes  are  interchangeable,  and  from  the  fifteen  types  shown 
in  the  first  column  the  various  poles  detailed  in  the  second 
may  be  formed  by  jointing  the  tubes  as  indicated  by  the 
third  column.  The  distinguishing  figures  and  letters  em- 
ployed serve  merely  to  correlate  the  two  tables  and  at  the 
same  time  to  emphasize  the  general  scheme  of  the  design. 


TELEGRAPHY 

DIMENSIONS  OF  WROUGHT-STBEL  TUBES. 
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Details  of  Iron  Poles. 


Type. 

Height. 

How  formed. 
6,  6,1 

Normal 
carrying 
capacity. 

Length 
ofbasa 

Light 

30  feet 

Swires 

4'0" 

If 

35    „ 

6,  6,  E 

8      „ 

4'0" 

Medium 

30    „ 

4,  5,6 

16       , 

4'0" 

J 

35    „ 

4,  5,  D 

16      „ 

4'0" 

Stout 

30    „ 

S,  4,  5 

24      „ 

4' 6" 

>* 

35    „ 

3,  4,  C 

24      „ 

4' 6" 

11 

40    „ 

3,  4,  5,  6' 

24      „ 

5'0" 

45    „ 

3,  4,  5,  1) 

24      „ 

5'0" 

Extra  Stout 

30    „ 

ti,  3,  4 

"   82      „ 

5'0" 

f  1 

35    „ 

2,3,  B 

29.      „ 

6'0" 

)» 

40    „ 

2,  3,  4,  5 

32      ,. 

5'0" 

»» 

45    „ 

2,  3,  4,  C 

32      „ 

6'0" 

Heavy 

30    „ 

1,  2,  3 

40      „     • 

6' 6" 

»» 

35    „ 

1,  2,  n 

40      „ 

5' 6" 

It 

40    „ 

1,  2,  3,  4 

40      „ 

5' 6" 

»» 

45    „ 

1,2,  3,  B 

40      „ 

5' 6" 

The  carrying  capacity  is  subject  to  the  qualifications  that 
light  wires,  preferably  70  lb.  bronze,  100  lb.  copper,  or  at 
most  150  lb.  copper,  wires  are  employed,  and  that,  sixice  the 
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Fio.  409.— Method  of  iolnting  the      Fio.  411.— The  ornamenial 
WTought-iron  tubes.  sleeve. 


Fio.  408.— An  iron 
pole  complete. 


Fio.  410.— Method  of  flxing  the 
bottom  wroiight-irou  tube  in  the 
cast-iron  base. 


Fio.  412 — The  cast- 
iron  base  which  is  em- 
bedded in  the  ground. 
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positions  are  usually  such  that  stays  cannot  be  fitted,  there 
shall  be  no  difficult  angles. 

The  joints  between  the  sections  of  the  pole  are  made  by 
driving  on  jointing  rings,  so  obviating  the  necessity  for 
the  "  leaded  "  joints  which  were  so  conspicuous  a  feature 
of  the  older  designs.  The  cast-iron  base  (Fig.  412)  projects 
1^  inches  above  the  ground-line  and  prevents  corrosion  of 
the  steel  tube  whilst  giving  a  securer  hold  in  soft  ground. 
In  order  to  improve  the  appearance  an  ornamental  sleeve 
(Fig.  411),  which  extends  3'  6"  above  the  ground-line,  is 
placed  above  the  base  and,  upon  the  top  of  the  pole,  a 
wooden  finial  is  fixed. 

A  complete  pole  is  illustrated  in  Fig.  408,  and,  with  the 
aid  of  the  two  subsequent  tables,  the  method  of  forming 
any  of  the  poles  from  the  15  types  of  tube  will  be  quite 
apparent,  the  various  tubes  being  interchangeable. 

The  details  of  the  Chambers*  joint  between  successive 
tubes  are  illustrated  in  Fig.  409,  from  which  it  will  be 
observed  that  the  upper  end  of  the  tube  is  split  longitu- 
dinally and  that  two  wedge-shaped  plates  are  riveted  to  the 
inner  sides  of  the  tube  so  as  to  form  a  support  for  the  lower 
end  of  the  upper  tube  which  is  cut  to  fit  the  fixed  plates 
upon  the  lower  tube.  By  driving  the  iron  collar  or  jointing 
ring  downwards  the  two  halves  of  the  split  portion  of  the 
tube  are  brought  into  firm  and  rigid  contact  with  the  upper 
tube.  The  method  of  jointing  the  lowest  tube  to  the  cast- 
iron  base  is  shown  in  Fig.  410.  The  upper  portion  of  the 
base  is  shaped  to  receive  the  slightly  tapered  end  of  the 
lowest  tube  and  to  fit  the  wedge-shaped  ring  which  is 
shrunk  on  to  the  tube  a  little  higher  up. 

Another  arrangement  which  has  been  designed  provides  for 
the  substitution  of  an  extra  stout  for  a  light  pole  without 
the  necessity  of  disturbing  the  pavement.  An  extra  stout 
base  is  used,  and  the  diameter  of  the  socket  reduced  by 
means  of  an  "adapter"  so  as  to  receive  a  light  pole.  When, 
owing  to  increases  in  the  number  of  wires,  it  becomes 
necessary  to  substitute  an  extra  stout  pole  the  adapter  is 
removed  and  the  new  pole  fitted  within  the  base.  Of 
course,  a  similar  arrangement  is  needed  to  fill  the  space 
between  the  large  sleeve  and  the  light  pole. 

BuUers*  tubular  iron  arms,  of  the  pattern  shown  in 
Fig.  413,  are  used  and  are  fixed  upon  the  pole  by  means  of 
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the  clips.  The  2-wire  arms  are  20"  long,  whilst  the  4-wire 
arms  are  44'^  in  length,  and  provide  for  a  space  of  12" 
between  the  insulator  spindle  holes.  As  previously  men- 
tioned, a  wooden  strip  is  placed  over  each  side  of  the  arm 
and  is  held  in  position  by  the  lower  flanges  of  the  insulator 
spindles. 

Where  an  iron  pole  is  used  at  the  junction  of  an  under- 
ground with  an  open  line  the  wires  are  taken  up  the  inside 
of  the  pole  and  pass  out  at  the  top  through  a  curved  ebonite 
tube  of  suitable  dimensions. 

As  a  conclusion  to  the  subject  of  iron  poles  it  is  neces- 
sary to  briefly  consider  the  method  of  erection.  The  base 
is  set  in  the  ground  so  that  the  uppermost  portion  projects 


FiQ.  418.— Iron  arm  used  upon  iron  poles. 

1^  inches  above  the  ground-line.  This  brings  the  project- 
ing flange  which  carries  the  ornamental  sleeves  \"  below 
the  ground.  In  some  cases  the  base  is  fixed  upon  a  con- 
crete foundation  by  means  of  bolts  let  into  the  concrete,  and 
passing  through  the  flange  holes.cast  in  the  base,  but  this 
is  not  ordinarily  necessary. 

The  various  lengths  making  up  the  pole  are  put  together 
on  the  ground,  the  malleable  iron  rings  being  driven  home 
and  a  little  thick  paint  or  putty  worked  into  the  joints  and 
slots  to  prevent  rust  discolouring  the  subsequent  painting. 
Before  the  bottom  length  of  tube  is  jointed  to  the  upper 
lengths,  the  ornamental  sleeve  is  placed  on  it.  The  two 
grooves  (opposite  each  other)  will  be  found  on  the  inside  of 
top  of  sleeve  to  enable  it  to  slide  over  the  rivet-heads  on  the 
bottom  tube.     With  the  sleeve  in  this  position  the  bottom 
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length  of  tube  is  fixed  to  the  upper  lengths  by  the  ring  as 
already  described.  The  sleeve  is  then  lashed  to  the  ring 
joint  so  that  it  may  be  out  of  the  way  whilst  the  pole  is 
being  erected. 

The  various  tubes  making  up  the  pole  having  been  put 
together,  the  bottom  end  of  the  pole  is  placed  in  the  base 
with  the  assistance  of  a  derrick  or  by  other  suitable  means, 
special  care  being  first  taken  to  clean  off  the  mixture  of 
white  lead  and  tallow  from  the  machined  surfaces  (both 
inside  and  out)  forming  the  bottom  joint.  The  cast-iron 
sleeve  is  then  lowered  into  position,  and  a  man  ascends  to 
the  top  of  the  lower  length,  which  wiU  be  about  10  feet 
from  the  ground-line,  and,  by  tapping  on  the  jointing  ring, 
drives  the  ground  joint  firmly  into  its  seat.  If  any  of  the 
joint  rings  have  worked  loose  during  erection,  they  also 
should  be  driven  home.  The  space  round  the  top  of  the 
joint  in  the  base  should  preferably  be  filled  up  with  tow 
and  putty,  pitch  or  cement,  to  prevent  water  getting  into 
the  bottom  joint,  and  the  space  between  the  tube  and  sleeve 
(at  top  of  sleeve)  should  also  be  filled  up  in  the  same  way 
to  keep  the  sleeve  in  position. 

When  an  "  adapter  "  is  used,  in  order  to  enable  a  pole  to 
be  used  temporarily  with  a  base  and  sleeve  larger  than  its 
standard,  it  should  be  placed  in  the  base  after  this  has  been 
firmly  fixed  in  the  ground  and  the  pole  then  placed  into  the 
adapter,  the  machined  surfaces  of  the  adapter  and  base 
being  first  carefully  cleaned.  The  increased  space  between 
the  bottom  tube  and  top  of  sleeve  is  filled  up  by  means  of 
a  cast-iron  ring  which  is  locked  by  giving  it  a  quarter  turn 
after  the  projections  on  same  have  passed  down  the  two 
grooves  in  the  sleeve. 

It  should  perhaps  be  remarked  that  the  final  punning  of 
the  ground  around  the  base  will  enable  the  pole  to  be 
set  perfectly  upright  when  the  method  of  erection  is  as  just 
described.  In  many  cases  the  various  portions  of  the  pole 
are  assembled  upon  the  ground  and  then  erected  in  precisely 
the  same  manner  as  wooden  poles  ;  the  only  possible  objec- 
tion to  this  course  lies  in  the  strains  which  the  joints  have 
to  bear  during  erection. 

In  order  to  dismantle  a  pole  the  jointing  rings  are  driven 
upwards,  and  the  various  sections  can  then  readily  be 
separated. 
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Erection  of  a  Pole. 

Having  discussed  the  various  materials  employed  in  the 
construction  of  a  telegraph  line  it  will  now  be  well  to  con- 
sider the  erection  of  the  line.  The  stores  are  ordered  on  to 
various  railway  goods-stations  en  route,  and  when  received 
are  laid  out  in  positions  which  will  facilitate  the  actual 
work.  Considerable  economies  can  be  effected  by  giving 
careful  consideration  to  this  matter. 

Where  space  exists  the  poles  are  laid  out  in  twos  and 
threes  as  near  to  the  point  at  which  they  are  to  be  erected 


Fio.  414.— Erection  of  a  pole  with  ladders. 


as  is  possible.  This  is  most  economically  done  by  charter- 
ing a  suitable  wagon  and  horses,  and  providing  suificient 
men  to  safely  load  and  unload  the  poles.  It  is  unwise  to 
reduce  the  number  of  men  to  the  lowest  possible  limit, 
owing  to  the  increased  risk  of  accident. 

The  top  end  of  the  pole  is  raised  from  the  ground  on  to  a 
trestle,  often  formed  by  two  crossed  arms  connected  together 
with  an  arm-bolt  at  their  centres  and  with  a  suitable  length 
of  spliced  stay  wire  at  their  upper  extremities.  The  notches 
for  the  arms  are  then  cut  in  the  pole,  and  the  arms  fitted 
with  the  utmost  care.  After  the  preliminary  fitting,  the 
arm  is  removed  and  the  notch  well  painted  with  tar  and 
creosote.     When  all  the  arms  have  been  permanently  fitted 
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the  pole  is  earth-wired  and  the  pole-roof  fixed.  Whilst  this 
work  has  been  proceeding  the  hole  will  have  been  dug,  and 
all  the  members  of  the  party  are  then  employed  to  raise  the 
pole  from  the  trestle  and  the  pole-cart  is  run  in  beneath 
the  pole  from  the  end  of,  and  in  the  direction  of  the  length 
of,  the  pole.  The  pole  is  then  balanced  upon  the  cart,  and 
is  wheeled  along  to  the  pole-hole,  where  the  butt  is  lowered 
against  the  heavy  wooden  plank  (see  Fig.  393)  which  is 
placed  against  the  end  of  the  hole.  This  completes  the  first 
stage  of  the  work. 

A  suitable  number  of  thin  cords  or  ropes,  termed  sash- 
lines,  are  next  fixed  to  the  pole  (Fig.  414.)  A  short  ladder 
is  then  placed  under  the  pole,  and  the  end  of  one  of  the  lower 
sasli  lines  is  tied  to  a  rung  in  order  that  the  ladder  may  not 
fall  when  it  is  raised  from  the  ground  prior  to  taking  a  fresh 
position  upon  the  pole.  The  ladders  are  frequently  pro- 
vided with  spikes  to  prevent  the  ends  slipping  along  the 
ground  when  the  weight  of  the  pole  is  encountered.  The 
other  end  is  also  equipped,  but  with  an  iron  band  stretch- 
ing between  the  sides.  This  band  is  suitably  roughened 
to  grip  the  pole,  and  is  free  to  move  so  as  to  bed  flat 
against  it.  The  pole  steps  fitted  upon  nearly  all  long  and 
heavy  poles  also  serve  to  prevent  any  possibility  of  the 
ladders  slipping  upwards.  Where  there  are  no  steps  it  is 
sometimes  advisable  to  fix  a  few  upside  down,  say  4  feet 
apart,  when  erecting  very  heavy  poles. 

The  pole  is  raised  a  short  distance  by  the  first  ladder  and 
a  second  is  then  inserted.  This  ladder  takes  the  weight 
whilst  the  fii*st  ladder  moves  to  a  new  position.  In  similar 
manner  additional  laddei*s  are  introduced  until  finally  the 
pole  is  vertical.  The  number  of  ladders  employed,  like  the 
number  of  men,  varies  with  the  weight  and  position  of  the 
pole.  For  heavy  timber  twelve  men  should  be  provided. 
The  foreman  of  the  party  directs  the  operations  and  ensures 
that  only  one  ladder  shall  be  altered  in  position  at  one  time. 

It  should  be  pointed  out  that,  during  the  earlier  stages  of 
the  erection  of  the  pole,  the  ladders  should  be  splayed  out 
upon  either  side  of  the  pole  so  as  to  prevent  the  pole  from 
falling  laterally.  In  the  later  stages  the  sides  of  the  hole 
into  which  the  butt  sinks  deeper  and  deeper  serve  to  pi-e- 
vent  a  lateral  fall ;  but  in  all  cases  of  doubt  guy  lines  should 
be  used  with  men  stationed  several  yards  away. 
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When  the  pole  is  up  it  is  either  strutted  by  a  ladder 
banked  beneath  an  inverted  pole  step  or  stayed  "with  a  rope 
connected  to  a  crowbar  driven  into  the  ground.  The  pole  is 
next  turned  so  that  the  arms  are  in  the  correct  direction. 
This  may  be  accomplished  by  means  of  an  endless  loop  of 
wire  passing  over  a  coach-screw  driven  into  the  pole  and  a 
crowbar  as  lever.  A  special  tool  has,  however,  been  designed 
to  meet  this  requirement. 

The  pole  is  carefully  packed  with  large  stones  upon  the 
sides,  and  the  earth  is  shovelled  into  the  hole  in  small 
quantities,  and  is  thoroughly  punned.  This  operation  is  of 
the  utmost  importance,  for  upon  it  largely  depends  the 
future  security  of  the  line.  The  post  hole  should  always 
be  as  small  as  possible,  and  where  the  pole  will  be  subjected 
to  lateral  stress  it  sliould  be  given  a  set  such  that  the  stress 
will  bring  it  to  the  vertical,  but  upon  no  account  should 
the  set  exceed  the  amount  necessary  for  this  purpose. 

Pole  lifters  have  been  used  instead  of  ladders  to  a  very 
considerable  extent,  and  especially  with  light  poles.  The 
lifters  consist  of  light  ash  poles  furnished  with  a  double 
pronged  fork  at  the  upper  end.  This  fork  is  thrust  into  the 
pole  to  be  erected,  and  the  lifters  are  used  in  a  manner 
identical  with  that  previously  described  in  the  case  of  poles 
erected  with  the  aid  of  ladders. 

Use  of  Derrick. 

Where  the  scantling  is  of  a  long  and  very  heavy  character, 
or  where  the  position  in  which  the  pole  is  to  be  placed  is 
an  awkward  one,  it  is  frequently  quite  impossible  to  erect  it 
in  the  manner  previously  described.  Again,  it  occasionally 
happens  that  the  pole  is  too  long  to  be  turned  round  in  the 
road  so  as  to  get  it  into  position  for  erecting  in  a  space, 
entry,  or  street,  at  right  angles  to  the  road.  There  are  also 
cases  in  which  the  pole  has  to  be  lifted  bodily  over  a  wall, 
building,  or  other  obstruction.  These  are  some  of  the 
conditions  which  render  the  use  of  a  derrick  essential. 

It  may  be  pointed  out  that  in  confined  spaces,  or  with 
very  long  and  heavy  timber,  the  use  of  ladders  is  attended 
with  some  risk.  Should  a  heavy  pole  come  down,  due  to 
the  ladders  slipping,  a  fatal  accident  will  almost  inevitably 
result,  and  therefore  the  use  of  a  derrick  is  recommended 
in  every  case  of  doubt. 

z  z 


706  TELEORAPHY 

The  derrick  consists  of  a  short  stiff  pole,  buried  to  a 
depth  of  at  least  two  feet,  to  which  an  arm  is  fixed  at  the 
top.  Above  this  arm  (Fig.  415)  a  sling  chain  is  placed 
round  the  pole,  and  to  this  is  attached  the  treble  block  end 
of  the  main  tackle.  The  pulling  end  of  the  3"  rope  (3"  is  the 
circumference  of  the  rope)  is  passed  through  a  snatchblock 
hooked  on  a  sling  chain  at  the  base  of  the  derrick.  In 
order  to  prevent  this  chain  from  slipping  up  the  derrick 
when  a  stress  is  placed  upon  the  rope,  6"  spikes  are  driven 
into  the  derrick.  A  couple  of  crowbars  are  driven  into  the 
ground  and  connected  so  that  the  rear  bar  forms  a  stay 
upon  the  forward  one.  To  this  a  smaller  set  of  luff  tackle 
witli  2"  rope  is  attached  by  means  of  another  sling  chain. 
The  double  end  of  the  luff  tackle  is  secured  to  the  running 
end  of  the  main  set.  The  derrick  is  stayed  in  at  least 
three,  and  preferably  in  four,  directions  to  crowbars  driven 
into  the  ground.  Every  hook  is  moused,  i.e.  bound 
across,  so  as  to  make  it  impossible  for  the  chain  to  be 
jerked  out. 

The  pole  is  wheeled  to  the  post  hole  upon  the  pole  cart, 
and  a  length  of  stout  timber  is  placed  against  the  back  of  the 
hole  in  order  to  avoid  any  risk  of  the  pole  breaking  out  of 
the  hole  during  the  earlier  stages  of  erection.  Four  sash 
lines  are  attached  to  the  upper  part  of  the  pole  and  ai-e  used 
to  resist  any  tendency  towards  swinging.  Finally  the 
double  block  of  the  main  tackle  is  attached  to  a  sling  chain 
fixed  just  above  the  centre  of  gravity  of  the  pole. 

The  pole  is  then  reared  by  pulling  the  running  end  of 
the  luff  tackle.  When  the  blocks  of  this  tackle  come  to- 
gether the  running  end  of  the  main  tackle  is  stoppered  by 
means  of  a  length  of  rope  attached  to  the  snatchblock 
sling  chain.  This  is  accomplished  by  a  very  simple  yet 
safe  form  of  tie.  The  luff  tackle  is  then  extended  and 
connected  to  the  main  rope  close  to  the  snatchblock.  In 
this  way  the  pole  is  gradually  erected. 

During  the  progress  of  erection  a  man  is  stationed  at  the 
hole  with  a  punner  or  rammer  with  which  the  butt  of  the 
pole  is  eased  down  the  plank  at  the  back  of  the  hole.  As 
there  is  a  heavy  downward  stress  upon  the  derrick,  it 
should  rest  upon  a  substantial  block  of  wood  when  the 
ground  is  at  all  soft. 

If  the  work  is  carried  out  with  care  there  is  no  risk  of 
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accident.      The  following  points  must,   however,   receive 
attention : — 

(1)  The  whole  of  the  tackle  should  be  carefully  examined. 

A  small  quantity  of  soldering  fluid  spilt  upon  a 
rope  is  quite  suflBcient  to  reduce  its  strength  to 
the  danger  point.  Again,  ropes  must  not  be 
allowed  to  get  damp. 

(2)  The  derrick  must  be  of  sound,  stout  timber,  and 

should  not  be  erected  too  close  to  the  post  hole. 

(3)  When  the  pole  is  nearing  the  vertical  position  a  pull 

should  be  exerted  against  that  of  the  main  tackle, 
so  that  stress  may  not  suddenly  be  removed  from 
the  derrick.  This  is  necessary  to  obviate  any  risk 
of  the  relief  of  the  stress  from  causing  the  derrick 
to  kick  out  of  its  hole. 

(4)  The  foreman  should  stand  by  and  closely  watch  the 

operations,  and  under  no  circumstances  whatever 
sfiould  he  quit  his  post  of  observation  to  give 
temporary  assistance  to  the  Tnen. 

It  is,  unfortunately,  true  that  accidents  do  and  will  occur, 
but  in  most  cases  they  are  the  results  of  gross  carelessness  or 
of  nervousness.  In  the  particular  class  of  work  j  ust  considered, 
accidents  have  occurred  through  the  use  of  too  light  a  derrick, 
insufficient  stays,  and  defective  ropes.  In  raising  a  pole 
from  the  ground  to  the  pole  cart  the  men  should  all  be 
upon  the  same  side  of  the  pole,  so  that,  if  it  should  fall,  no 
one  is  likely  to  be  caught  by  it.  In  the  case  of  heavy 
poles  the  cart  should  be  run  in  from  the  end  and  under  no 
circumstances  from  the  sides.  The  pole  should  be  raised 
in  stages  until  the  cart  can  be  run  in  from  the  end  of  the 
pole,  and  at  every  stage  of  the  operation  it  must  be  impos- 
sible for  the  pole  to  fall  flat  upon  the  ground.  The  same 
method  should  be  adopted  in  the  reverse  order  when  un- 
loading poles  from  the  cart.  When  running  the  loaded 
pole  cart  along  the  road  the  man  deputed  to  steer  should 
always  be  at  the  back  of  the  cart  and  the  remainder  of  the 
party  should  pull  by  means  of  sash  lines.  When  removing 
poles  a  ladder  should  be  fixed  both  at  the  front  and  at  the 
back  of  the  pole  before  digging  out  is  commenced,  and 
under  no  circumstances  should  any  one  ascend  the  pole 
after  the  work  of  digging  out  has  been  commenced.     AU 
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tools  or  other  materials  should  be  pulled  up,  or  lowered 
down,  the  pole  w^ith  an  endless  line  passing  over  an  aim 
upon  which  the  outside  insulator  bolt  has  been  placed  in 
position.  Considering  the  huge  amount  of  work  done  by  the 
Post  Office  the  number  of  accidents  is  comparatively  small, 
and  no  doubt  compares  very  favourably  with  the  number 
in  any  other  branch  of  engineering.  If  the  italicized  sen- 
tence imder  paragraph  4  upon  the  previous  page  were 
more  strictly  observed  there  would  be  still  fewer  accidents. 
There  is  room  for  improvement  in  this  respect,  and  the 
writer,  therefore,  submits  these  remarks  for  the  considera- 
tion of  those  actually  engaged  in  the  construction  of  aerial 
lines. 

Wiring. 

The  operation  of  running  the  w4res  next  calls  for  atten- 
tion. A  coil  of  wire  is  placed  upon  the  "  drum  barrow," 
which  consists  of  a  drum  carried  by  a  vertical  axis  mounted 
upon  a  light  form  of  barrow.  A  brake  is  provided  so  that 
the  revolution  of  the  drum  may  be  checked  when  necessary. 
The  outer  end  of  the  coil  of  wire  is  then  taken  over  the 
arms  upon  which  it  is  to  be  erected.  For  this  purpose 
light  ladders  are  used  and  not  pole-climbers,  since  the 
climbers  score  the  poles  with  a  series  of  unsightly  marks. 
In  fact,  many  gangs  are  not  allowed  to  have  even  a  single 
pair  of  climbers  amongst  their  tools  for  this  veiy  reason. 

The  wire  having  been  passed  over  the  arms  of  about  8 
poles  is  then  pulled  up  by  a  suitable  number  of  men, 
whilst  the  final  adjustment  is  made  by  m^ans  of  a  tension 
ratchet  and  vice.        .        . 

The  tighter  the  wire  is  drawn  up  the  smaller  is  the  sag 
or  dip,  and  therefore  the  smaller  is  the  risk  of  contact. 
Upon  the  other  hand  the  stress  upon  the  wire  may  be  made 
so  great  that  the  wire  is  liable  to  break.  The  ratio  between 
the  breaking  stress  of  the  wire  and  the  maximum  tension 
to  which  it  is  subjected  is  termed  the  "  factor  of  safety*" 
The  factor  of  safety  is  least  during  very  cold  weather,  when 
the  w^ire  has  contracted  to  the  maximum  extent,  and  is 
greatest  during  very  hot  weather.  For  instance,  a  150  lb. 
copper  wire,  with  a  stress  of  120  lbs.  upon  a  60  yard  span 
at  22°  F.  would  have  expanded  sufficiently  to  reduce  the 
stress  to  36  lbs.  at  10(f  F.     The  practice  is  to  pull  up  the 
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wires  to  a  tensiou  such  that  under  the  worst  conditions  it 
shall  not  exceed  one  quarter  of  their  breaking  stress.  In 
other  words  a  factor  of  safety  of  four  at  low  winter  tempera- 
ture is  always  allowed.  Ordinary  winter  temperature  is 
usually  about  40°,  average  summer  temperature  60°,  and 
that  of  a  very  hot  day  about  75°. 


Fio.  416.— Light  draw  tongs. 


For  straining  the  wire  to  the  required  degree,  either 
tension  ratchets  and  draw  tongs  or  draw  vices  are  employed. 
In  the  case  of  light  copper  wires  the  tension  ratchet  is  of  the 


Fioi  417.— Tension  ratchet  and  key. 

type  shown  in  Fig.  417,  the  draw  tongs  being  illustrated  in 
Fig.  416.  The  two  sides  of  the  draw  tongs  are  identical 
save  that  the  diameters  of  the  longitudinal  grooves  in  the 
fixed  block  and  the  lever  are,  upon  one  side,  suitable  for 
gripping  70,  100,  or  150  lb.  wires,  whilst  those  upon  the 
other  side  are  designed  for  200  lb.  wires,  the  object  so 
gained  being  the  avoidance  of  a  multiplicity  of  different 
tools. 
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The  line  wire  is  gripped  by  the  tongs,  which  are  hooked 
on  to  the  tension  ratchet,  the  latter  being  attached  to  the 
arm  of  the  pole  by  means  of  a  length  of  iron  wire  which  is 
also  passed  through  the  hole  in  the  drum  of  the  ratchet. 
By  turning  the  ratchet-dinim  the  wire  is  pulled  up  and 
the  tension  indicated  upon  the  scale  at  the  side  of  the 
instrument.  The  process  is  so  obvious  that  further  descrip- 
tion is  scarcely  necessary. 

In  wiring  a  new  line  the  top  or  first  wire  dealt  with  is 
carefully  strained  by  using  tension  ratchets  which  have 
very  recently  been  checked  for  accuracy.     The  remaining 


Fia.  418.— Steel  draw  vice  and  key. 

wires  are  then  pulled  up  to  accord  with  the  first  by  judging 
the  dip  by  the  eye.  In  the  case  of  twisted  telephone  loops 
the  accuracy  of  the  adjustment  may  readily  be  judged  by 
observing  if  the  two  wires  of  every  pair  appear  to  cross 
exactly  at  the  centre  of  the  span. 

The  draw-vice  shown  in  Fig.  418  is  very  frequently 
employed  in  connection  with  iron  wires,  especially  where 
additional  wires  have  to  be  run  and  the  stress  is  adjusted 
by  observation  of  the  dip. 

For  heavy  gauge  copper  wires  a  larger  fonn  of  tension 
ratchet  and  a  specially  designed  draw-vice  are  employed, 
but  the  general  principles  involved  are  identical. 

When  the  poles  have  been  erected  in  wet  weather  it  is 
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desirable  to  delay  the  wiring  as  long  as  possible  in  order 
that  the  ground  may  have  time  to  consolidate. 

Sags  and  Stresses. 

The  stress  which  should  be  put  upon  the  wires  when 
erected  now  requires  to  be  considered.  The  smaller  the 
dip  the  less  liability  to  contact,  whilst  the  greater  the  dip 
the  less  will  be  the  chance  of  the  wire  snapping.  In  prac- 
tice tlie  wire  is  pulled  up  to  one  quarter  of  its  breaking 
weight  if  erected  at  low  winter  temperature,  i.  e,  22°  F. 

The  relations  between  the  length  of  the  span,  weight  of 
wire  and  stress  are  given  by  the  following  formulae^  : — 

where    I  =  length  of  span  in  feet ; 

w  =  weight  of  one  foot  of  the  wire  ; 
s'  =  stress  in  lbs. ; 
d  =  sag  or  dip  in  feet. 

From  these  formulae  the  following  facts  may  be  de- 
duced : — 

1.  The  dip  in  feet  is  equal  to  the  square  of  the  length  of 

the  span  in  feet  multiplied  by  the  weight  of  the 
wire  per  foot,  divided  by  eight  times  the  stress  in 
pounds. 

2.  The  stress  in  pounds  is  equal  to  the  square  of  the 

length  of  the  span  in  feet  multiplied  by  the  weight 
of  the  wire  per  foot  divided  by  eight  times  the  dip 
in  feet. 

3.  With  a  given  length  of  span  and  a  line  wire  of  given 

material  the  stress  is  directly  proportional  to  the 
weight  per  mile  of  the  wire. 

4.  The  dip  of  wires  of  different  gauges  in  a  given  length 

of  span  varies  with  the  material  of  which  the  wire 
is  composed,  but  not  with  the  gauge. 

•  The  proof  of  these  formulae  is  beyond  the  scope  of  this  volume.  The 
cui-ve  in  which  the  wire  hangs  is  a  catenary,  but  may  be  assumed  to  be  a 
parabolft,  without  serious  error.  For  proof  see  Prof.  Perry's  Calcuhia  for 
Engineers y  page  62. 
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Since  the  breaking  weight  of  a  wire  is  directly  propor- 
tional to  its  sectional  area,  it  is  also  directly  proportional  to 
the  weight  of  the  wire  per  mile.  Hence  the  dip  of  a  wire 
varies  with  the  material  of  which  it  is  composed,  but  not 
with  its  gauge.  This  applies  to  any  temperature,  so  that 
wires  of  differing  gauges  but  of  the  same  material  may  be 
erected  upon  a  line  without  risk  of  contact,  since  the  dip  will 
be  the  same  at  every  temperature. 

In  erecting  iron  and  copper  wires  upon  the  same  pole  the 
effects  of  their  differing  coefficients  of  expansion  are  mini- 
mized by  keeping  the  length  of  the  span  to  80  yards  or 
under,  but  where  this  is  impossible  the  stress  tables  are,  to 
a  small  extent,  departed  from.  It  is  preferable  to  run  the 
iron  wires  at  the  top  and  the  copper  wires  below  for  two 
reasons,  firstly,  because  the  iron  telegraph  wires  are  least 
subject  to  alteration  by  the  addition  of  new  circuits,  and 
secondly,  because  the  risk  of  contact  is  reduced. 

The  stress  which  is  put  upon  a  wire  depends  upon  the 
material  of  which  the  wire  is  composed,  the  length  of  the 
span  and  the  temperature.  Every  gang  is  supplied  with  a 
thermometer  in  order  that  the  actual  temperature  of  the 
wire  itself  during  erection  may  be  accurately  known.  The 
length  of  the  span  is  readily  measured  by  pacing  or  judg- 
ing the  distance.  With  this  information  the  stress  to  be 
put  upon  the  wire  is  obtained  from  tables  which  have  been 
previously  prepared. 

Reference  to  the  tables  will  show  that  changes  of  temper- 
ature have  a  much  greater  effect  upon  the  stress  of  wires  in 
short  than  in  long  spans,  and  consequently  great  care  is 
necessary  in  the  regulation  of  the  wires.  Moreover,  it  may 
be  observed  that  whilst  at  any  particular  temperature  the 
stresses  are  equal  in  two  adjoining  spans  of  different  lengths 
they  will  be  unequal  when  the  temperature  changes.  This 
difference  is  compensated  by  a  slight  deflection  of  the  pole, 
and  in  running  wires  over  a  number  of  poles  it  is  only 
necessary  to  consider  the  average  length  of  span  when 
consulting  the  stress  tables.  At  angles  where  the  poles 
have  been  given  a  slight  set  an  extra  stress  of  10  or  20  per 
cent,  is  sometimes  necessary  to  compensate  for  the  subsequent 
deflection  of  the  pole. 
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Stresses  to  be  observed  in  erecting  Iron  Wires  at  VARiors 
Temperatures. 


d   . 

Stresses  in  lbs. 

for  Various  Spans  in  Yards. 

£■§ 

200  lbs.  per 
(121  Mils  Dial 

Mile. 

400  lbs.  per 
(171  Mils  Dial 

Mile. 

g  • 

Tieter, 

ueter. 

|l 

No. 

lOJ  8.W.Q.) 

No.  7 J  8.W.O.) 

60 

eo 

70 

ao 

00 

50 

60 

70 

80    1    90 

yds. 

yds. 

yds. 

yds. 

yds. 

yds. 

yds. 

yds. 

yds.     yds. 

"^ 

Iba. 

lbs. 

lbs. 

lbs. 

lbs. 

ll«. 

lbs. 

lbs. 

lbs. 

22 

135 

135 

135 

135 

135 

270 

270 

270 

270 

270 

25 

120 

124 

127 

128 

130  ! 

239 

247 

253 

256 

259 

30 

103 

110 

115 

119 

122 

205 

219 

230 

238 

243 

35 

91 

100 

107 

112 

115 

182 

199 

213 

223 

230 

40 

83 

92 

99 

105 

110 

165 

184 

198 

210 

219 

45 

77 

86 

94 

99 

105 

153 

172 

187 

199 

210 

50 

72 

81 

89 

95 

101 

143 

161 

177 

190 

201 

65 

67 

77 

85 

91 

97 

134 

153 

169 

182 

194 

60 

64 

73 

81 

88 

94 

127 

146 

162 

175 

187 

65 

61 

70 

78 

85 

91 

121 

139 

155 

169 

181 

70 

58 

67 

75 

82 

88 

116 

134 

149 

163 

175 

75 

56 

64 

72 

79 

85 

111 

129 

144 

158 

170 

80 

54 

62 

70 

77 

83 

107 

124 

140 

153  ;  165  1 

85 

52 

60 

68 

75 

81 

103 

120 

185 

149 

161 

90 

50 

58 

66 

73 

79 

1  100 

117 

132 

145 

157 

95 

48 

56 

64 

71 

77 

97 

113 

128 

142 

154 

100 
Poles 

47 

55 

63 

69 

75 

94 

110 

125 

138  ]  150 

J^le. 

35 

29 

25 

___ 

22 

19i 

35 

29 

25 

22       19i 

Factor  of  safety  of  4  at  22**  Fahr.  for  all  wires. 

The  stress  varies  with  both  the  gauge  and  the  material. 

The  stress  for  100  lb.  (No.  14)  copper  wii-e  is  half  that  for  200  lb. 

The  stress  for  800  lb.  (No.  4^)  copper  wire  is  doable  that  for  400  lb. 

The  stress  for  70  lb.  bronze  is  the  same  as  100  lb.  copper  wire. 

The  stress  for  300  lb.  copper  wire  is  half  that  for  600  lb. 


The  tables  shown  above  have  been  calculated  from  the 
formulae  given  below,  all  of  which  may  readily  be  deduced 
from  those  given  upon  page  712. 


d, 


y/d^+T'\fxiK) 


d 
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d 
L 
d, 


/'SijL^l) 
^  8 


=    1  + 


8d_2 
3Z 


^       L-i 


I 


where        I    =    length  of  span  ; 
d     =--    dip  at  22^  F. ; 
di    =    dip  at  higher  temperature ; 
8     =    stress  at  22"^  F. ; 

stress  at  higher  temperature  ; 

weight  of  wire  per  unit  length  ; 

length  of  wire  iji  span  ; 

difference  of  temperature ; 

coefficient  of  expansion ; 

K  for  copper  =    '00000683  per  degree  Fahrenheit ; 
„      iron      =    -00000956 


w  — 

L  = 

T  = 

K  = 


K >  SfO^^ 


Stresses  upon  Stays. 

In  order  to  decide  the  class 
and  number  of  stays  required, 
it  is  necessary  to  calculate  the 
stresses  to  which  they  will  be 
subjected.  As  an  example, 
assume  that  a  terminal  pole 
carries  four  200  lb.  wires,  with 
its  resultant  point  24  feet  from 
the  ground,  and  that  7  feet  is 
available  for  the  spread  of 
stay.  The  conditions  are 
shown  in  Fig.  419,  and  it  is 
required  to  know  whether  one 
stay  is  sufficient,  and  whether 
I  or  1^  wire  should  be  used. 
The  factor  of  safety  for  stays 
is  the  same  as  for  line  wires, 
viz.  4. 

The  horizontal  stress  is 
obtained  by  multiplying  the 
number  of  wires  by  the  maximum  stress  which  results  at 


i! 


Pia  419.— stress  upon  the  stay. 
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low  winter  temperature ;  in  the  present  case  4  X  135  lbs. 
=  540  lbs. 

In  order  to  solve  this  problem  a  knowledge  of  the  follow- 
ing well-known  theorem  in  mechanics  is  required  : — If  three 
forces  acting  at  a  point  he  in  equilibrium  they  can  he  repre- 
sented in  magnitude  and  direction  hy  the  sides  of  any  tinangle 
which  is  drawn  so  as  to  have  its  sides  respectively  parallel  to 
the  directions  of  the  forces/^  From  this  statement  it  will  be 
seen  that  the  lengths  of  the  three  sides  of  the  triangle  are 
proportional  to  the  forces  acting  in  each  direction,  hence : — 

A  B  :  A  G  ::  540  :  stress  on  stay. 

Since  A  JB  C  is  a  right-angled  triangle  : — 


A  C  =VAB^  +  BC^ 
AC  =  V72  +  242  =  25  feet 

.'.  Stress  on  stay  =  ^^  X  540  =  1930  lbs.  approx. 

The  breaking  stress  of  |  stay  wire  is  from  87  to  91  cwts. 
or  say  10,000  lbs. 

Factor  of  safety      10,000.      ;- 

7    .       ^  ~  -rTr^TT-  =  5  approx. 
on  a  t  stay  1930  ^  ^ 

With  a  I  stay  the  factor  of  safety  would  be  about  3,  which 
is  hardly  sufficient. 

The  force  tending  to  drive  the  pole  into  the  ground  is  in 
the  same  ratio  to  the  horizontal  stress  as  the  height  of  the 
resultant  is  to  the  spread.  In  the  above  case  the  force  is 
therefore  : — 

-'^-  X  540  =  1850  lbs., 

or  rather  less  than  the  stress  upon  the  stay. 

Another  example  of  the  calculation  of  the  stress  upon 
stays  is  given  in  order  to  make  the  principle  quite  clean 
The  pole  illustrated  in  Fig.  420  carries  thirty-two  100  lb. 
copper  wires  upon  8  arms  with  two  stays  fitted  as  shown. 

*  Vide  Elements  of  Statics  and  Dpnaviiea,  by  S.  L.  Loney,  or  any  other 
work  on  mechanics. 
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First  stay. 

Total  horizontal  stress  =  16  X  80  =  1280  lbs. 

Length  of  stay  =  \/30  ^+T6  ^  =  34  feet 
Stress  on  stay  =    yi   X  1280  =  2720  lbs. 

Factor  of  safety       10,000       < 

X  «^  wi  ux  D<w.ci.jr  _  jI^y*^^  —  4  approx. 

on  I  stay  2720  ^^ 

This  may  be  regarded  as  satisfactory. 


Fio.  420.— Stress  upon  parallel  stays. 

Second  stay. 

Since  D  E  is  parallel  to  A  C  the  triangles  oi  A  C  B  and 
DEB  are  similar,  therefore  the  ratio  ot  E  D  to  D  B  is  the 
same  as  that  of  C  A  to  A  B,  The  horizontal  stress  is  also 
the  same,  therefore  : — 

Stress  onD  E  =  Stress  on  A  C 

=  2720  lbs. 
Factor  of  safety  on  ^  stay  =  4  approx. 

Where  the  spread  of  a  stay  or  stays  npon  a  terminal  pole 
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is  made  equal  to  the  height  at  which  they  are  attached,  the 
combined  stays  should  contain  twice  as  many  strands  as 
there  are  400  lb.  line  wires  carried  by  the  pole.  For 
terminal  poles  the  spread  should,  if  possible,  equal  the 
height  at  which  the  stay  is  attached,  in  which  case  the  stress 
upon  the  stay  is  J2  X  the  horizontal  stress. 

At  every  angle  in  a  line  the  pole  at  which  the  angle 
occurs  is  subjected  to  a  horizontal  stress  tending  to  pull 
the  pole  over  in  a  direction  which  would  eliminate  the 
angle.  The  calculation  of  the  value  of  this  stress  is 
necessary  to  decide  the  kind  and  number  of  stays 
required. 

The  distance  which  the  angle  pole  is  out  of  line  with  its 
immediate  neighbours  is  readily  observed  or  measured,  and 
this,  with  the  length  of  the  span  and  the  number  and  class 


FiQ.  421.— stress  upon  stay  doe  to  an  angle  in  the  line. 


of  wires  carried,  provides  the  information  necessary  for 
calculating  the  horizontal  stress  at  the  resultant  point. 

The  solution  of  this  problem  requires  that  the  following 
theorem  in  mechanics  should  be  known  : — //  two  forces^ 
acting  at  a  point,  he  represented  in  inagnitude  and  direction 
hy  the  two  aides  of  a  parallelogram  draxcn  from  one  of  its 
angular  points,  their  resultant  is  represented  both  in  magni- 
tude and  direction  hy  the  diagonal  of  the  parallelogram, 
passing  that  angular  point. '^' 

Example. — A  line  of  40  ft.  poles  carries  twelve  400  lb.  iron 
and  sixteen  150  lb.  copper  wires.  If  the  pole  at  an  angle  is 
3  yards  out  of  line,  the  length  of  the  span  upon  each  side 
being  GO  yards,  what  stays  will  be  required  assuming  that 

*  Vide. — Statics  and,  Dyriamux,  by  S.  L.  Loney,  or  any  work  upon 
mechanics.  The  theorem  may  be  proved  experimentally  or  theoretically 
deduced  from  Newton's  laws  of  motion. 
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12ft.  is  available  for  the  spread  of  the  stay?  (Figs.  421 
and  422). 

Total  stress  acting  upon  each\  __  12  X  270  =  3240 
side  of  angle  pole  J  ~  10  x  120  =  1920 

5160  lbs. 
The  diagonal  BD  ^  6  yards. 
Since  A  B  C  D  represents  a  parallelogram  of  forces : — 


Fia.  422.— Horizontal  stress  on  pole  due  to  on  angle  in  the  line. 

Length  of  A  ii  or  BC  :  Length  ol  B  D  : :  stress  A  JB  or 
B  C  :  stress  B  D, 

i.  e.  60  :  6   :  :   5160  :  Horizontal  stress. 

.'.  Horizontal  stress  =     --r  X  5160  =  516  lbs. 
60 

The  approximate  position  of  resultant  point  is  upon  the 
third  arm,  i.  e.  31'  6''  above  the  ground-line.  (Assuming 
that  the  stress  upon  the  third  arm  acts  directly  upon  the 

3  A 
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stay,  there  is  a  stress  of  8  X  270  lbs.  balanced  by  a  stress 
of  16  X  120  lbs.  respectively  above  or  below  the  resultant 
point.) 


Length  of  stay  =  \/31o-  +  12'^  =  33' 7  ft. 
^K-  X  516  =  1449  lbs.  approx. 


Stress  on  stay  =  - 


12 


10  000 
Factor  of  safety  on  |  stay  =       '        =  7  approx. 

If  it  is  certain  that  additional  wires  will  not,  at  any  future 
time,  be  added  to  the  line  a  ^  stay  would  suffice. 

Where  the  two  spans  upon  either  side  of  the  angle  pole 
are  unequal  the  semi-diagonal  must  be  measured  by  taking 
a  point  on  the  longer  span  equal  to  the  shorter  as  indicated 
in  Fig.  423.     Here  the  span  is  40  yards  on  one  side  and  60 


Fio.  423.— Horizontal  stress  on  pole  when  the  spans  are  of  unequal  length. 

upon  the  other.  Since  the  stresses  in  the  two  spans  are 
the  same  it  will  be  obvious  that  they  are  represented  by 
AB  and  BO  and  not  by  AB  and  BE, 

Factor  of  Safety  of  an  Open  Line. 

The  stability  of  a  line  of  telegraphs  depends  upon  its 
ability  to  withstand  the  transverse  stress  exerted  upon  it 
by  wind  pressure.  Ko  line  is  considered  safe  unless  there 
is  a  factor  of  safety  equal  to  at  least  10.  The  pressure  which 
is  exerted  by  the  wind  varies  as  the  square  of  its  velocity. 
If  the  pressure  per  square  foot  at  a  velocity  of  30  miles 
per  hour  is  4*428  lbs.,  at  60  miles  per  hour  a  pressure  of 
17*712  lbs.  will  result.  At  100  miles  per  hour  the  pressure 
is  49*2  lbs.,  but  this  is  a  condition  rarely  met  with. 
Experience  has  show^n  that  for  telegraph  lines  having  a 
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resultant  about  2(y  from  the  ground  17  lbs.  per  square  foot 
may  be  taken  as  the  maximum  wind  pressure. 

.The  stress  resulting  from  wind  pressure  may  be  regarded 
as  acting  at  the  resultant  point,  and  if,  therefore,  the  effec- 
tive exposed  area  is  multiplied  by  17  the  transverse 
horizontal  stress  in  lbs.  will  be  obtained. 

The  horizontal  stress  in  cwts.,  which  must  be  applied  at 
the  resultant  point  upon  a  telegraph  pole  in  order  to  break 
it,  mav  be  found  from  the  following  formula  : — 

where  W  =  horizontal  stress  in  cwits.  ; 
r  =  radius  of  pole  in  inches  ; 
I  =  height  of   resultant   above   the  ground-line  in 

inches ; 
K  =  coefficient  of  rupture  ; 

11*63  for  Norway  round  red  fir  ; 

11  for  pitch-pine ; 

7*23  for  red  pine  tested  in  whole  balks. 

Not£8 : — 

(1)  The  wind  pressure  exerted  upon  a  round  wire  or  pole 

is  equal  to  two-thirds  of  the  pressure  which  would 
be  exerted  upon  a  flat  surface  of  equal  lengtli  with 
a  breadth  equal  to  the  diameter  of  the  wire  or  pole. 

(2)  The  force   exerted  upon  each  pole  is  equal  to  that 

exerted  upon  the  whole  of  the  wires  for  a  distance 
.;  of  half  a  span  upon  each  side  of  the  pole. 

Example. — A  line  carrying  ten  400  lb.  iron  wires  with  a 
resultant  20'  above  the  ground-line  and  with  60  yard  spans 
has  poles  with  a  diameter  of  10  inches  at  the  ground  line. 
Is  the  line  safe  ? 

Area  of  wires  two  half  spans  each  30  yards. 
^  Effective  area  of  wires — 

1-  (60  X  36)  X  (.1  of -171)  X  10   _ 

J       .  -144  17  1  sq.ft. 

[oil'  Horizontal  stress  at  resultant  «  17'1  x  17  =  291  Ites. 

^y  Wind  pressure  on  the  pole  itself. 

lire  Assuming  that  the  pole  tapers  from  10"  at  the  ground 

^i  line  to  6"  at  the  top,  and  taking  the  length  above  the  ground 

^  vn  line  as  22'  : — 
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Equivalent  area  of  pole  =  22  X  (f  of  ^)  =  O*"?  sq.  ft. 

Total  wind  pressure  =9?  X  17  =  166  lbs. 

But  this  force  should  be  regarded  as  acting  at  a  point 
half-way  (11')  up  the  pole,  since  its  moment  varies  from 
nothing  at  the  ground-line  to  its  average  value  in  the  centre 
and  to  its  maximum  value  at  the  top  of  the  pole. 

The  horizontal  stress  at  the  resultant  point  20'  above  the 
ground  is  therefore  : — 

\^  X  166  =  91  lbs. 

Total  horizontal  stress  =  291  -|-  91  =  382  lbs. 

=  3'41  cwts. 

T.      , .        ,  ,1        47  X  58  X  11-63 

Breakmg  stress  of  pole  = ^- r- 

^  20  X  12 

=  28*5  cwts. 

28*5 
Factor  of  safety  -^-r-    =  8  approx. 

It  will  be  useful  to  consider  one  other  problem  involving 
both  static  and  kinetic  stresses. 

Example. — ^An  angle  pole  10  inches  in  diameter  is  two 
yards  out  of  line  with  60  yards*  span  upon  either  side.  If 
the  pole  carries  twenty  150  lb.  copper  wires  with  its  resultant 
20  feet  from  the  ground-line,  will  a  stay  be  necessary  ? 

Horizontal  stress  due 

to  angle  in  line        =  ^V  of  20  x  120  lbs. 

=  1*4  cwts. 
Effective  area  of  wires  =  |  x  '097  x  20  x  60  x36sq.  ins. 

=  19*4  sq.  ft. 
Wind  pressure  (wires)  =  19*4  x  17  lbs. 

=  3  cwts. 
Wind  pressure  (pole)  =  1  cwt.  (say). 

Total  horizontal  stress 

static  +  kinetic        =  5*4  cwts. 
,,      ,  .                 ,     ,       4*7  X  53  X  11*63 
Breaking  stress  of  pole  = OQ  x  36 

=  28*5  cwts. 

28*5 
Factor  of  safety  =  -~^r  *  5  approx. 

Hence  a  stay  should  be  employed. 
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Renewals  and  Alterations. 

When  it  is  necessary  to  renew  the  poles  upon  a  line  care 
must  be  taken  to  prevent  interruptions  to  the  circuits 
working  upon  the  route.  One  method  by  which  this  work 
is  carried  out  consists  in  using  two  ladders  as  temporary 
poles.  The  wires  upon  each  side  of  the  pole  are  unbound 
and  attached  to  an  insulating  strip  fixed  to  a  stout  ladder 
upon  each  side  of  the  pole.     These  ladders  are  then  drawn 


Fio.  424.— Wiring  arnis. 

outwards  and  temporarily  stayed  to  bars  driven  into  the 
ground.  This  leaves  a  wide  gap  between  the  wires  upon 
either  side  of  the  pole,  which  can  then  be  lowered  and  the 
new  one  erected  in  the  ordinary  way. 

The  renewal  of  the  wires  upon  a  route  may  be  effected 
with  the  aid  of  wiring  arms  fixed  upon  the  arms  of  the 
poles.  For  the  renewal  of  straight  wires  the  arms  are  fixed 
as  shown  at  A  (Fig.  424)  for  inside,  and  as  shown  at  B  for 
outside  wires,  but  as  will  be  seen  from  the  sketch  they  are 
capable  of  motion  to  any  desired   position   between   the 
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insulators.  The  new  wire  is  run  through  the  pulleys  and 
pulled  up  to  approximately  the  correct  tension.  It  is  then 
transferred  to  the  insulatbre  and  the  old  wire  placed  in,  and 
finally  drawn  through,  the  pulleys  on  to  a  drum  barrow. 
In  this  way  it  is  possible  to  avoid  interniptions  to  the  circuit 
concerned  and  also  to  other  circuits  upon  the  poles,  the 
wooden  portion  of  the  extension  arm  being  relied  upon  to 
maintain  a  sufficient  degree  of  insulation.  There  is  a  con- 
siderable advantage  in  running  the  new  wire  through  pulleys 
instead  of  dragging  it  over  the  arms,  and  this  is  especially 
so  in  the  case  of  copper  wire.  It  may  be  added  that  a 
somewhat  similar  method  is  adopted  in  ninning  and 
renewing  twisted  telephone  wires,  but  in  this  case  the 
arrangements  are  a  trifle  more  complex. 

In  special  cases  of  difficult  and  complicated  re-arrange- 
ments a  special  cable,  termed  an  interruption  cable,  is 
sometimes  employed.  These  cables  are  slung  upon  the 
poles,  and  the  wires  to  be  renewed  are  joined  through  the 
cable  before  being  cut  away,  and  the  new  wires  are  cut  in 
before  the  interruption  cable  is  cut  out.  If  these  opera- 
tions are  carefully  performed  interruptions  need  not  occur 
— the  guiding  principle  being  never  to  cut  any  wire  until 
it  has  been  joined  through  the  cable. 

In  making  a  diversion  of  a  line  between  any  two  points 
interruptions  are  avoided  by  erecting  the  new  section  and 
allowing  the  wires  to  work  through  both  the  old  and  the 
new  lines  in  parallel.  Finally  the  old  line  is  cut  away, 
but  this  is  not  done  until  the  circuits  are  through  upon  the 
new  section. 

It  goes  without  saying  that  temporary  stays  are  fre- 
quently needed  whilst  the  alterations  are  in  progress. 
Usually  they  are  provided  by  driving  a  crowbar  into  the 
ground  and  connecting  it  to  the  pole  by  one  or  more 
400  lb.  iron  wires  with  draw-tongs  inserted  to  tighten  the 
stays. 

Surveying  for  Open  Lines. 

When  it  has  been  decided  that  a  telegraph  line  shall  be 
erected  between  two  given  points,  the  first  work  to  be 
done  is  to  decide  upon  the  route  to  be  foUowed — a  matter 
upon  which  too  muc^h  thought  can  scarcely  be  bestowed. 
The  possible  routes  van  at  once  be  ascertained  by  con- 
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suiting  an  ordnance  map,  and,  other  things  being  equal, 
the  shortest  one  is  chosen.  Generally  speaking,  there  are 
two  or  three  alternative  routes  which  could  be  used  in  the 
case  of  a  long  line,  and  the  final  decision  is  very  frequently 
due  solely  to  the  facilities  which  the  roads  offer  for  the 
erection  of  stays  and  for  access  by  the  linemen.  Again 
the  probable  lateral  extensions  of  the  line  should  receive 
consideration.  This  preliminary  survey  is  best  made  by 
cycling  or  driving  over  the  various  routes,  and  any  special 
difficulties  which  are  likely  to  be  encountered  are  noted. 

Having  selected  the  route,  a  detailed  survey  is  made  in 
order  to  fix  the  exact  positions  and  lengths  of  the  poles  and 
also  to  estimate  the  cost  of  the  work.  At  the  same  time 
the  method  of  laying  out  the  stores  and  means  of  cartage 
are  carefully  considered.  Also,  a  note  is  taken  of  all  the 
way  leave  consents  w^hich  are  required.  This  w^ork  should 
be  done  with  the  utmost  care  and  full  notes  of  the  decisions 
arrived  at  should  be  made,  so  that  the  foreman  entrusted 
with  the  work  can  readily  be  given  the  fullest  possible 
details  of  the  manner  in  which  the  work  is  to  be  carried 
out.  Frequently  a  considerable  period  elapses  between  the 
preparation  of  the  estimate  and  the  actual  carrying  out  of 
the  work,  and  therefore  the  value  of  accurate  and  full  notes 
will  be  quite  apparent.  All  the  particulars  enumerated 
can  readily  be  entered  in  a  Survey  Book  of  the  form  shown 
below : — 


State  hero  the  Locality,  Town,  Village,  Bridge,  or^ 
Landmark,  by  which  the  spot  to  which  the  first  1 
entry  relates  can  generally  be  identified.  j 


No. 


IS 
55 


■*»^  I     Position  of 

"Sc^  j  Pole.  • 


a 

S^ 

Si 

S^ 

& 

-4 

go 

II 

s 

(J  c 

« 

<  o 

"^ 

Remarks,  con- 
sentfl,  etc. 


In  fixing  the  positions  of  the  poles  it  must  be  remem- 
bered that  during  gales  the  wires  are  blown  out  laterally  to 
a  distance  almost  equal  to  their  dip,  and  therefore  trees 
must  be  given  as  wide  a  berth  as  possible.  Where  the 
level  of  the  road  changes  rapidly  it  is  desirable  to  keep -the 
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height  of  the  Hue  fairly  uniform.  In  any  case,  the  heights 
of  the  poles  must  not  vary  sufficiently  to  produce  an  upward 
pull  upon  an  intermediate  pole.  This  is  readily  calculated 
by  working  out  the  dip  for  a  span  without  the  intermediate 
pole.  If  the  pole  is  too  short  to  reach  the  lowest  point 
of  the  wire  then  there  will  be  an  upward  pull  upon  the 
intermediate  j>ole. 

Where  the  wires  cross  over  buildings  chimneys  should  be 
avoided,  as  the  effect  of  the  heat  and  smoke  upon  the  wires 
is  of  a  most  deleterious  character.  Again,  poles  should  not 
be  placed  in  positions  in  which  well-water  is  likely  to  be 
contaminated  by  the  creosote,  and  in  all  cases  of  suspicion 
where  there  is  no  possibility  of  avoiding  it  poles  in  which 
the  creosote  has  dried  should  be  selected. 

Long  slanting  road  crossings  should  be  avoided — ^in  fact, 
the  road  should  be  crossed  as  seldom  as  possible,  but  where 
this  is  essential  the  wires  should  be  terminated  (upon  P.O. 
terminal  insulators)  at  either  side. 

Where  a  long  stretch  of  road  is  visible  it  is  advisable  to 
make  the  angles  between  the  successive  poles  and  their 
stays  and  struts  as  nearly  uniform  as  possible,  since  this 
course  improves  the  general  appearance  of  the  line. 

In  order  to  limit  the  range  of  damage  due  to  the  collapse 
of  a  line,  by  reason  of  snow  accumulations,  or  the  fall  of  a 
tree  across  the  line,  double  longitudinal  stays  are  provided 
at  intervals  of  about  a  quarter  of  a  mile.  These  two  stays 
are  fixed  in  the  line  of  the  wires  and  serve  to  support  the 
pole  should  a  breakdown  occur  upon  either  side.  This 
device  is  applied  wherever  it  is  possible,  but  unfortunately 
there  are  many  cases  in  which  the  stays  would  seriously 
obstruct  the  road. 

A  single  longitudinal  stay  is  required  at  points  where  the 
wires  change  in  gauge  in  order  to  balajice  the  difference  in 
the  stresses  upon  either  side  of  the  pole. 

In  the  case  of  small  bends  in  the  line  no  special  provision 
is  necessary,  but  where  the  turn  is  sharp,  it  is  sometimes 
found  that  the  inner  wires  in  leaving  the  insulators  foul  the 
poles.  This  may  be  obviated  by  double  anning  the  pole 
and  binding  each  wire  upon  two  insulators.  It  may  also 
be  avoided  by  twisting  the  pole,  but  this  brings  the  arms 
out  of  the  correct  position,  which  is,  of  coui-se,  along  a 
line  bisecting  the  angle  between  the  wires.     In   every 
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case  the  arms  should  be  parallel  with  the  spread  of  the 
stay.  ^ 

A  right  angle  turn  in  the  line  is  provided  for  by  arming 
the  pole  with  two  sets  of  ai*ms  at  right  angles  to  each  other. 
In  some  cases  the  arms  for  the  up  side  of  thg  line  are  placed 
above  those  for  the  down  side,  but  this  is  scarcely  so  satis- 
factory as  placing  the  arms  alternately ;  there  is  thus  a 
difference  of  only  six  inches  in  the  height  of  each  wire  upon 
either  side  of  the  i)ole,  and  the  connections  between  the 


o 
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I  -       WITH   LATERAL   STAY. 

f  -            -         UONtflTUDlNAU  ftTAYS 
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Fio.  425.>-Plan  of  a  section  of  line  showing  yarioiu  stays  and  stmts. 


two  sides  may  be  made  with  bare  wires.  This  arrangement 
weakens  the  pole  by  reason  of  the  double  set  of  slots  which 
have  to  be  cut  so  close  together,  but  it  is  compensated 
for  by  using  two  V-stays  at  right  angles  to  each  other. 
The  double  set  of  arms  with  their  connections  make  the 
pole  somewhat  diflScult  for  the  men  to  work  upon,  and  upon 
this  account  a  set  of  double  parallel  arms  is  preferred  by 
some,  notwithstanding  the  fact  that  it  upsets  the  square 
upon  telephone  circuits. 


730  TELEGRAPHY 

A  short  section  of  line  is  diagrammatically  shown  in  Fig. 
425.  Double  longitudinal  stays  are  shown  at  A,  whilst  the 
pole  at  C  is  strutted,  and  that  at  T>  is  stayed  across  the  road 
owing  to  the  owner  of  the  shaded  property  refusing  to 
permit  a  strut  fe)  he  fixed  upon  his  land.  It  is,  of  course, 
also  assumed  that  there  is  not  space  upon  the  road  for  the 
erection  of  a  strut  or  an  A  pole.  A  pole  is  erected  upon  the 
opposite  side  of  the  road  and  stayed  by  a  block  and  rod  in 
the  ordinary  way.  The  resultant  of  the  first  pole  is  stayed  to 
the  top  of  the  stay  pole,  and  a  tightener  inserted  for  adjust- 
ment. It  goes  without  saying  that  stays  erected  across 
roads  must  be  given  sufficient  elevation  to  provide  ample 
headw^ay  for  heavily-laden  hay  wagons,  ^c.  If  stays,  struts, 
and  A  poles  are  all  impracticable  the  bend  may  be  negoti- 
ated by  increasing  the  number  of  poles  round  the  bend  ;  but 
this  course  is  only  followed  in  cases  of  absolute  necessity. 

The  poles  upon  each  route  are  numbered  consecutively  by 
means  of  zinc  number  plates  nailed  to  the  poles  six  feet 
above  the  ground-line  in  order  to  facilitate  identification  for 
wayleave  purposes  and  for  the  issuing  of  instructions  for 
renewals  or  repairs. 

In  some  districts  heavy  winds  always  prevail  in  one 
direction,  and  where  this  direction  is  at  right  angles  to  the 
length  of  the  line  it  is  advisable  to  add  lateral  stays  to 
provide  for  the  extra  stresses  which  result. 

Game  guards,  consisting  of  light  aluminium  flags,  are 
occasionally  attached  to  the  wires  along  the  span  in  order 
to  prevent  game  from  flying  into  the  wires.  The  small  flags 
are  hung  upon  the  line  wire  to  which  they  are  attached 
by  means  of  a  binder  in  the  case  of  copper,  and  iron  wire 
in  the  case  of  iron  line,  wires.  The  small  flag  swings  quite 
freely  and  serves  to  make  the  wires  sufficiently  conspicuous 
for  the  birds  to  avoid  them. 

Aerial  Cables. 

Aerial  cables  are  used  to  carry  the  'wdres  beneath  bridges 
or  in  other  circumstances  in  which  it  is  impossible  to  obtain 
clearance  for  open  wires.  In  12-,  16-,  and  28-wire  cables 
40  lb.  tinned  copper  conductors,  having  a  resistance  of  not 
more  than  22099"  per  mile,  are  covered  with  pure  Para 
rubber,  two  layers  of  vulcanizing  India  nibber,  and  spir- 
ally lapped  with  india-rubber-covered  cotton  tape  (capacity 
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of  core  not  to  exceed  "378  m.f.  per  mile).  Four  cores,  two 
coloured  red  and  two  black,  are  laid  up  round  a  tanned 
jute  centre  so  that  diagonally-opposite  conductors  are  of 
dissimilar  colours  and  are  bound  together  by  a  cut  cotton 
tape  prepared  with  ozokerit  compound.  The  requisite 
niimber  of  quadruple  cores  (diameter  '415  inch)  are  laid 
together,  wormed  with  tanned  jute,  covered  with  an 
ozokerit-coated  cotton  tape  laid  on  spirally,  braided  with 
Russian  hemp-yarn  prepared  in  ozokerit  compound,  and 
the  complete  cable  is  finally  coated  with  the  same  compound. 
Where  a  larger  number  of  wires  is  necessary  38-wire  inter- 
ruption cable  is  employed.  The  conductors  are  of  20  lb. 
tinned  copper,  and  the  thickness  of  the  insulation  is 
correspondingly  reduced.  The  cores  are  twisted  in  pairs 
and  formed  into  a  cable  with  a  prepared  waterproof  tape 
having  a  lap  of  J-inch,  and  then  braided  twice  with  stout 
cotton  saturated  with  ozokerit. 

Recently,  paper  and  air  space  insulated  cables  have 
been  produced,  and  these  are  now  sometimes  employed. 
The  wires  are  arranged  very  much  as  in  an  underground 
lead-covered  cable  ;  but  instead  of  a  lead-covering  a  rubber 
tubing  is  formed  over  the  wires.  The  ends  are  terminated 
by  pothead  joints,  i.  e.  joints  within  a  sleeve  made  solid 
by  filling  up  the  spaces  with  insulating  compound  (see 
Chapter  XXII.). 

Every  three  feet  a  raw  hide 
suspender  with  a  double  hook  of 
the  form  illustrated  in  Fig.  426  is 
attached  to  the  cable.  The  sus- 
pending wire  is  usually  either 
one  or  two  400  lb.  copper  wires 
terminated  at  each  pole,  and,  in 
order  to  avoid  longitudinal 
stresses  upon  the  cable,  the  cable 
is  securely  lashefl  to  each  pole 
with  ozokerite  tape. 

The  suspending  wire  is  first 
erected,  and  the  raw  hide  sus- 
penders attached  to  the  cable. 
The  hooks  are  passed  over  the 
wire  and  the  cable  drawn  along   „      «.    „     ,..^  .    , 

,  T     ^1  •  ^1  •    lA    Fio,  426. — Raw  hide  suspender  for 

by  a  rope.    In  this  way  the  weight  aerial  cables. 


-RAW-HIDE 
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of  the  cable  is  borne  by  the  Buspending  wire  even  whibt 
being  erected. 

The  cable  should  be  fixed  as  low  down  the  pole  as  prac- 
ticable, and  chimneys  must  be  carefully  avoided  owing  to 
the  action  of  the  smoke.  All  risk  of  chafing  must  also  be 
obviated.  A  reasonable  factor  of  safety  upon  the  suspend- 
ing wires  must  be  secured,  and  in  cases  where  the  dip  has 
to  be  greatly  restricted  additional  suspending  wires  may  be 
necessary.  It  is,  however,  a  simple  matter  to  calculate  the 
stresses  with  the  aid  of  the  formulae  on  page  712  and  a 
knowledge  of  the  weight  of  the  cable.  The  pole  at  which 
the  open  wires  pass  into  the  aerial  cable  usually  requires  a 
longitudinal  stay  to  counteract  the  greater  stress  exerted  by 
the  aerial  lines. 

The  use  of  aerial  cables  is  confined  to  cases  of  absolute 
necessity  on  account  of  their  cost  and  the  resistance  and 
capacity  of  the  wires.  Moreover,  the  life  of  the  cable  is 
limited,  and  mere  inspection  fails  to  reveal  incipient  defects. 


OVERHOUSE    CONSTRUCTION. 

The  term  "  overhouse  "  is  employed  to  denote  all  thoee 
cases  in  which  the  wires  are  carried  upon  supports  fixed  to 
buildings,  or  in  which  timber  of  exceptional  length  is 
necessary,  but  the  object  of  the  present  section  is  to  deal 
only  with  the  former  cases. 

The  line  wire  is  invariably  either  copper  or  bronze  of  a 
light  character  in  order  to  reduce  the  stress  to  the  lowest 
possible  limit.  If  solid  wires  are  used,  70  lb.  bronze, 
100  lb.  copper  or  even  150  lb.  copper  may  be  chosen,  but, 
when  trouble  arises  from  the  humming  of  the  wires,  either 
y'V  or,  where  it  is  imperative  to  keep  down  the  resistance  of 
the  circuit,  yV  stranded  copper  (see  table  on  page  674) 
wire  is  employed.  The  wires  are  terminated  at  very  frequent 
intervals,  thus  securing  greater  immunity  from  breakages, 
and  eliminating  the  possibility  of  a  broken  wii-e  running 
back  through  an  imperfectly  attached  binder.  Upon  each 
side  of  every  street  crossed  by  the  route  the  wires  are  in- 
variably terminated  and  the  length  of  the  span  is  kept  as 
short  as  possible.  When  wiring  operations  are  in  progress 
men  are  stationed  in  positions  where  they  can  readily  stop 
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the  traffic  in  the  event  of  a  wire  being  in  such  a  position  as 
to  cause  danger,  but  in  most  cases  the  wires  are  pulled 
across  with  the  aid  of  an  endless  sashline,  thus  obviating  an 
interference  with  the  traffic  below.  The  only  other  point 
calling  for  particular  mention  is  the  danger  attaching  to  the 
use  of  a  fire  pot  upon  a  roof :  it  should  be  placed  upon 
stone  or  brickwork,  kept  well  clear  of  any  lead  work,  and  a 
man  should  always  be  left  in  charge  of  it. 

Humming  of  Wires.      Silencing  Devices. 

The  well-known  humming  noise  which  is  produced  by 
telegraph  wires  under  certain  atmospheric  conditions  is 
usually  of  little  or  no  consequence  in  the  case  of  road  lines, 
but  when  the  wires  are  carried  by  supports  fixed  to  build- 
ings, the  sound  is  transmitted  by  the  walls  and  partitions 
to  the  interior.  In  some  cases,  no  doubt,  resonance  also 
tends  to  increase  the  noise  to  such  an  extent  as  to  cause 
most  serious  annoyance.  The  effect  is  greatest  when  the 
wires  are  erected  in  long  spans  and  are  tightly  stretched, 
but  it  is  noticeable  that  the  volume  of  the  noise  is  not  in  direct 
proportion  to  the  velocity  of  the  wind,  since  it  is  frequently 
greatest  upon  a  comparatively  calm  day.  Many  silencing 
devices  (variously  termed  aourdineSy  deafeners,  and  silencers) 
of  a  more  or  less  effective  character  have  been  devised. 

When  the  wires  terminate  upon  a  support  fixed  to  a 
building,  as  for  example  upon  a  bracket,  the  noise  can  be 
very  greatly  reduced  by  terminating  and  slackening  out  the 
wares  in  the  last  span.  In  addition,  the  line  wire  may  be 
covered  with  india-rubber  by  placing  a  length  of  tubing 
over  the  wire  where  it  passes  around  the  insulator ;  or  again 
a  strip  of  wood  about  two  feet  long  bound  round  each  wire 
close  to  the  insulator  will  sometimes  prove  quite  effectual. 

In  the  case  of  roof,  standards  (see  Fig.  430)  it  will  be 
observed  that  there  is  a  packing  of  lead  and  felt  between 
the  chair  and  the  ridge  of  the  roof  which  tends  to  insulate 
the  vibrations. 

Sourdine  Cael  Beau,  Yarn  to  a  thickness  equal  to  the 
diameter  of  the  wire  is  tightly  wrapped  round  the  line  wire 
for  a  distance  of  about  12  inches.  Over  this  is  placed  a 
split  rubber  tube  of  such  a  diameter  as  to  completely  enclose 
the  yam,  and  finally  a  wrapping  of  lead  is  placed  over  the 
rubber  tube.     The  binding  wire  where  it  encircles   the 
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insulator  is  treated  in  a  precisely  similar  manner  and  the  ends 
are  made  off  upon  the  leaden  covering  of  the  line  wire. 

National    Telephone    Company's  standard   aivnngement, 
A  narrow  strip  of  thin  lead  is  wrapped  around  the  wire  for 


i  I 


Fio.  427.— Double  horizontal  and  Tertical  brackeU  and  single  bracket    ^ffote.— Tbe 
arrangement  of  the  brickwork  is  incorrectly  shofrn,  since  there  is  no  Doud.) 


a  distance  of  eight  inches  upon  each  side  of  the  insulator, 
the  central  portion  taking  one  turn  ai-ound  the  insulator. 
Its  efficiency  may,  however,  be  increased  by  placing  yam 
between  the  wire  and  leaden  wrapping. 
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Chain  silencer.  A  short  length  of  chain  is  inserted  in  the 
line  wire  and  tlie  ends  bridged  across  by  a  length  of  con- 
ductor so  as  to  preserve  the  electrical  continuity  of  the 
circuit. 

For  brackets.  A  rubber  waslier  placed  between  the 
flange  of  the  insulator  spindle  and  the  top  of  the  bracket, 
and  one  between  the  nut  and  the  bottom  of  the  bracket,  is 
most  effective  and  greatly  diminishes  the  noise. 

In  conclusion  of  this  subject,  it  should  be  stated  that 
light  stranded  copper  wire  produces  far  less  noise  than  a 
solid  wire  under  similar  conditions. 

Brackets. 

Angle  brackets,  fixed  upon  the  corners  of  walls  and 
chimneys,  are  frequently  employed  when  the  route  is  to 
carry  a  maximum  of  six  wires.  The  brackets  should  only 
be  attached  to  sound  buildings,  and  a  wall  is  to  be  preferred 
to  a  chimney,  but  where  the  latter  is  the  only  available  posi- 
tion the  brackets  should  be  kept  as  low  as  possible.  It  is  also 
very  desirable  to  arrange  matters  so  that  the  stress  upon  the 
bracket,  due  to  an  angle  in  the  line,  tends  to  push  the 
bracket  on  to,  and  not  pull  it  away  from,  the  chimney.  In 
the  former  case  the  only  function  of  the  nails  is  to  support 
the  bracket,  whilst  in  the  latter  they  have  to  resist  a  definite 
stress,  and  the  brickwork  will  therefore  require  to  be 
plugged — frequently  a  hazardous  proceeding,  since  most 
chimneys  are  only  4^"  brickwork. 

The  double  vertical  bracket  (Fig.  427)  is  especially  suit- 
able for  use  upon  chimney  stacks  owing  to  the  provision  of 
the  two  eyes,  by  means  of  which  a  ^V  stranded  iron  stay  wire 
may  be  passed  around  the  stack.  At  each  of  the  three 
corners  an  angle  plate  9"  deep  carrying  a  projecting  eye  is 
fixed,  so  as  to  prevent  the  stay  wire  from  cutting  into  the 
brickwork.  This  arrangement  obviates  the  necessity  for 
using  so  many  nails,  and  so  saves  the  chimney  from  any 
unnecessary  damage  and  the  occupants  of  the  house  from  a 
certain  amount  of  annoyance,  due  to  falling  soot  and  noise, 
which  occurs  whilst  the  bracket  is  being  fixed. 

The  horizontal  bracket  (Fig.  427)  is  used  only  upon  the 
corners  of  buildings  of  substantial  character  owing  to  the 
fact  that  tlie  leverage  of  the  outer  wire  is  very  considerable. 
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Standards. 

The  safety  of  a  building  would  be  imperilled  if  its  roof 
timbers  were  utilized  for  the  same  purpose  as  the  five  or  six 
feet  of  earth  in  which  a  ground  pole  is  embedded,  viz.  to 
hold  the  base  of  the  pole  rigid  when  the  upper  portions  are 
subjected  to  lateral  stresses  due  to  wind  pressure.  In  the 
event  of  the  collapse  of  the  wires  upon  one  side  of  the 
standard,  such  as  might  for  example  be  caused  by  a  fire  at 
an  adjacent  building,  a  very  heavy  strain  in  a  direction  at 
right  angles  to  that  produced  by  wind  pressure  across  the 
wires  would  result.  It  is  therefore  necessary  to  so  arrange 
the  structure  that  the  only  stress  upon  the  roof  shall  be  in 
a  downward  direction,  and  this  is  readily  accomplished  by 
the  employment  of  four  or  more  stays.  Motion  of  the  pole 
is  resisted  by  tensile  stresses  upon  the  stays  and  by  down- 
ward or  crushing  stress  upon  the  pole.  Every  roof  pole  is 
stayed  in  four  directions,  and  it  is  preferable  to  arrange  the 
stays  so  that  the  line  of  the  wires  bisects  the  opposite  angles 
formed  by  the  plan  of  the  four  stays.  In  this  way  either  a 
laterally  or  a  longitudinally  applied  stress  is  divided 
between  two  stays  (see  Fig.  430.) 

The  average  roof  is  not  constructed  with  a  view  to  the 
erection  of  a  standard  upon  it,  and  the  conditions  to  be  met 
in  each  case  vary  so  much  that  it  is  only  possible  to  describe 
two  or  three  typical  cases,  and  from  them  illustrate  the 
general  underlying  features  of  satisfactory  design.  The 
stresses  should  be  transmitted  to  the  outer  or  main  walls  in 
such  a  manner  that  the  standard  becomes  an  integral  part 
of  the  building  to  which  it  is  attached.  It  should  be 
ascertained  that  the  roof  timber  is  of  such  dimensions  as  to 
safely  take  the  extra  stress  thrown  upon  it,  should  the  whole 
of  the  wires  collapse  upon  either  side  of  the  pole ;  and  where 
this  is  not  the  case  an  additional  beam  of  timber  or  a  suit- 
able steel  joist  connecting  the  main  waUs  should  be  added. 
The  stays  should  be  anchored  low  enough  down  the  main 
wall :  the  stress,  if  considerable,  being  distributed  by  using 
wall  plates,  to  ensure  that  the  brickwork  shall  not  be  dis- 
placed by  any  stresses  to  which  the  stays  can  conceivably 
be  subjected.  The  lateral  stresses  upon  the  walls  must  be 
reduced  to  the  lowest  possible  limits,  whilst  an  upward  pull 
upon  the  rafters  of  the  roof  is  especially  to  be  avoided.  It 
is  particularly  inadvisable  to  bolt  a  pole  to  an  end  wall 
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when  thoroughly  efiScient  staying  facilities  are  not  avail- 
able. 

Buildings  which  have  been  specially  constructed  for  the 
reception  of  large  standards  are  so  arranged  that,  in  some 
cases,  the  poles  pass  right  down  to  the  foundations  and  are 
braced  together  and  stayed  to  the  walls  in  such  a  manner 
that  nothing  short  of  a  collapse  of  the  whole  building  could 
affect  their  security. 


Fig.  428.— Chftir  for  roof  poles. 

Square  pitch  pine  poles  passing  through  the  roof  of  the 
building  were  at  one  time  somewhat  extensively  employed, 
but  since  the  pole  is  subject  to  vibration  there  is  some 
diflSculty  in  maintaining  a  perfectly  watertight  joint  at  the 
point  where  the  pole  passes  through  the  roof.  The 
difficulty  is  by  no  means  insuperable,  and  this  method  of 


Fio.  429.— Swivel  for  stays  upon  overhoase  fixtures. 

construction  has  much  to  commend  it,  since  the  pole  may  be 
supported  upon  or  carried  by  the  tie  beam  of  the  roof. 

The  present  practice  is  to  use  iron  poles  carried  by  a 
cast-iron  chair  (Fig.  428)  placed  upon  the  ridge  of  the  roof 
as  shown  in  Fig.  430.  The  pole  itself  is  dipped  whilst 
hot  into  boiled  linseed  oil,  since  it  is  found  that  this  treat- 
ment is  more  effective  than  galvanizing.  Felt  and  lead  are 
placed  beneath  the  chair  in  order  to  prevent  the  vibrations, 
due  to  the  humming  of  the  wires,  from  being  transmitted 
through  the  roof  timbers  to  the  interior  of  the  building. 
Climbing  clips,  which  correspond  to  the  pole  steps  used 
upon  ground  poles,  are  fitted  at  regular  intervals  and  at  the 
upper  part  of  the  tube  a  collar  for  the  attachment  of  the 
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stays  is  shrunk  on.     The  tubular  iron  arms  are  of  the  same 
pattern  as  those' used  with  iron  ground  poles  (see  Fig.  413) 


Fio.  480.— ^iugle  roof-pole  standard  showing  three  methods  of 
anchoring  the  stays. 

and  are  furnished  with  wooden  insulating  strips  as  pre- 
viously described. 
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The  stays  should,  where  possible,  be  anchored  to  the  main 


walls  of  the  building"  suflBciently  low  down  for  security. 
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Where  the  beams  of  the  roof  are  employed,  collars  should 
be  fitted,  and  under  no  circumstances  should  bolt  holes  be 
cut.  Care  must  also  be  taken  not  to  put  a  stress  upon  a 
coping  which  tends  to  displace  it.  In  the  majority  of  cases, 
a  hole  is  provided  for  the  stay  as  shown  in  Fig.  430,  but 
by  fixing  a  block  of  wood  of  triangular  section  with  its 
base  uppermost  at  the  bottom  of  the  coping  wall,  it  is  some- 
times possible  to  obtain  a  satisfactory  clearance. 

Three  methods  of  anchoring  the  stays,  each  of  which  is 
fitted  with  a  swivel  (Fig.  429),  are  shown  in  Fig.  430,  firstly 
by  means  of  an  eye  spike  driven  into  the  brickwork, 
secondly  by  means  of  a  Q-.I.  strap  nailed  to  the  wall,  and 
thirdly  with  the  aid  of  wall  plates.  The  last  method  consists 
in  placing  a  plate  upon  each  side  of  the  wall  and  bolting 
them  together,  thus  ensuring  a  tlioroughly  efficient  hold 
upon  the  brickwork.  In  the  case  of  very  heavy  stresses  the 
size  of  the  plates  may  be  increased,  and  the  two  sides  bolted 
together  independently  of  the  eye  bolt  to  which  the  stay  is 
attached,  the  effect  being  to  thus  distribute  the  stress  over 
a  larger  area.  The  use  of  wall  straps,  owing  to  their  in- 
efficiency, is  avoided  wherever  it  is  possible. 

Where  the  standard  is  to  be  fixed  upon  a  girder  or  upon 
the  end  of  a  wall,  a  chair  of  rectangular  section  to  fit  over 
the  wall  or  girder  is  substituted  for  the  semicircular  chair 
shown  in  Fig.  428. 

A  double  or  two-pole  standard  is  carried  by  a  rolled  steel 
joist  upon  which  the  two  cast-iron  chairs  are  placed  and  the 
poles  are  braced  together  in  a  manner  very  similar  to  that 
employed  for  H-poles,  whilst  the  channel  iron  arms  sen-e  to 
secure  the  upper  portions  of  the  poles.  These  arms  are 
made  in  two  pieces  and  are  bolted  together  upon  each  side 
of  each  insulator  spindle  and  each  pole  hole. 

An  example  of  a  large  standard  recently  designed  by 
M.  F.  Roberts  is  illustrated  in  Fig.  431.  In  the  centre  of 
the  large  well  of  the  building  a  heavy  brick  tower  was  built 
and  the  standard  placed  upon  it.  It  will  be  observed  that 
the  general  construction  bears  some  resemblance  to  the  H- 
poles  previously  described  and  that  the  various  poles  are 
also  braced  across  in  such  a  manner  as  to  secure  remarkable 
strength  and  rigidity.  The  channel  iron  arms  serve  to 
brace  the  heads  of  the  poles  and  the  structure  is  capable  of 
carrying  504  wires. 


CHAPTER  XXII 
THE  CONSTRUCTION  OF   UNDERGROUND  LINES, 

IT  is  frequently  quite  impossible  to  erect  open  wires  in 
the  centre  and  more  congested  parts  of  large  towns  and 
cities,  and,  in  such  cases,  there  is,  of  course,  no  alternative 
to  the  provision  of  underground  routes.  There  are,  also, 
many  cases  in  which  the  number  of  wires  needed  exceeds 
the  capacity  of  an  aerial  line. 

The  objection  to  underground  circuits  is  chiefly  upon 
the  score  of  cost.  It  has  been  shown  that  the  working 
speed  of  an  underground  wire  is  considerably  less  than 
that  of  an  aerial  circuit,  but,  by  increasing  the  diameter  of 
the  copper  conductor  and  the  thickness  of  the  gutta-percha 
covering,  the  working  speed  may  be  increased  to  any 
required  value.  This  increases  the  cost  of  the  wire  itself 
and  also  the  cost  of  the  conduit,  since  a  much  smaller 
number  of  the  larger  wires  can  be  accommodated  within  a 
conduit  of  given  size.  The  same  principle  applies  to  air 
space  and  paper  core  cables,  and  therefore  it  may  be  said 
that  the  objection  to  underground  routes  is  solely  on  account 
of  the  expense.  The  electrical  disadvantage  (the  reduction 
of  the  working  speed)  attendant  upon  the  use  of  under- 
ground circuits,  presents  not  the  slightest  difficulty  when 
the  question  of  cost  is  ignored. 

The  greatest  advantage  derived  from  the  use  of  under- 
ground, as  opposed  to  aerial,  lines  lies  in  the  greater  im- 
munity from  interruptions.  An  aerial  line  may  be  broken 
down  by  the  force  of  a  gale,  the  wires  may  be  broken  by 
the  weight  of  snow  and  ice  which  they  have  to  bear, 
insulators  may  be  fractured  by  stone  throwing,  or  the 
insulation  may  be  impaired  by  wet  weather.     From  each 
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of  these  sources  of  trouble  the  underground  line  is  free, 
whilst  the  only  likely  causes  of  trouble  lie  in  (1)  the  damage 
which  may  he  done  during  road  repair,  (2)  contacts  with 
electric  light  feeders,  and  (3)  a  general  sinking  of  the 
groimd  in  which  the  pipes  or  ducts  are  laid.  The  number 
of  cases  in  which  any  of  these  difficulties  appear  is  well- 
nigh  insignificant. 

It  is  often  pointed  out  that  underground  wires  are  less 
accessible  than  open  ones,  and  that  the  difficulty  of  dealing 
with  faults  is  enormously  increased.  Since  the  number  of 
faults  which  occur  is  extremely  small  and  fairly  accurate 
localization  tests  can  usually  be  made  there  is  little 
justification  for  objection  upon  this  score. 

The  provision  of  main  routes  of  underground  connecting 
the  larger  towns  and  cities  ensures  that  the  telegraph  work 
of  the  country  shall  not  be  stopped  or  disorganized  by  the 
prevalence  of  storms.  Incidentally,  it  may  be  remarked 
that  one  of  the  most  fruitful  causes  of  such  breakdowns  is 
that  trees  are  uprooted  and  bodily  blown  over  on  to  the 
lines. 


CONDUITS. 

Many  forms  of  conduit  have  been  proposed,  but  iron  pipes 
and  earthenware  ducts  are  the  only  forms  used  by  the  Post 
Office.  One  administration  has  gone  so  far  as  to  dispense 
with  the  conduit  altogether  and  to  lay  their  telephone  cable 
directly  in  the  earth.  The  cable  is,  of  course,  protected  by 
suitable  armouring,  and,  upon  the  score  of  economy  in  first 
cost,  there  is  perhaps  something  to  be  said  for  such  a 
system.  Its  disadvantage  is  that  the  changing  or  renewal 
of  a  cable  entails  opening  the  streets — a  very  costly 
proceeding. 

Iron  Pipes. 

The  pipes  are  cast  from  soft  pig-iron  of  good  quality, 
and,  after  being  thoroughly  cleaned  to  remove  all  sand, 
grit,  or  metallic  excrescences,  are  heated,  and  then 
dipped  into  Dr.  Angus  Smith's  composition,  which  consists 
of:— 
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Coal  tar        ...         1  cwt. 

Tallow .         ...         7  lbs. 

Quicklime,  slaked  10  „ 

Pine,  resin    .  .         4     „ 

Coal  naplitha        .         .         sufficient    to    thin    the 

composition  to  a  degree 
suitable  for  proper  coat- 
ing. 

This  composition  produces  a  hard  glaze  upon  the-surfaces 
of  the  pipes,  which  tends  to  protect  them  against  rusting. 

The  specification  for  each  size  of  pipe  states  the 
minimum  internal  diameter  and  also  the  minimum  weight 
of  the  pipe,  which  fixes  the  thickness  of  the  metal.  The 
pipes  are  tested  with  a  circular  gauging  disc  having  a 
diameter  one-sixteenth  of  an  inch  less  than  the  internal 
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Fig.  432.— a  3"  cast-iron  pipe. 


diameter  of  the  pipes.  The  other  important  points  to  be 
observed  are  that  the  pipes  shall  be  smooth,  and  the  thick- 
ness of  the  metal  quite  uniform. 

The  four  sizes  of  pipe  used  by  the  Post  Office  are  dis- 
tinguished by  quoting  the  internal  diameters.  The  2" 
pipes  are  made  in  lengths  which  give  a  "  lay  "  of  6  feet, 
whilst  the  S'\  3^"  and  4"  pipes  have  a  lay  of  9  feet  per 
pipe — ^for  example,  150  2"-pipes  or  100  3"-pipes  are  required 
to  provide  300  yards  of  conduit. 

A  3"-pipe  is  illustrated  in  Fig.  432,  from  which  it  will  be 
observed  that  the  spigot  end  is  rounded  off  so  as  to  fit  into 
the  socket  of  the  subsequent  pipe.  In  order  to  joint  the 
pipes  the  spigot  end  is  placed  within  the  following  pipe, 
after  which  a  suitable  quantity  (about  two  inches  deep)  of 
spun  yarn  is  lightly  wrapped  round  the  pipe,  and  driven 
home  with  a  caulking  iron.  In  order  to  fill  the  annular 
space  between  the  spigot  and  socket  ends  of  the  pipes  with 


744  TELEGHAPBY 

lead,  a  roll  of  plastic  clayjs  laid  around  the  edge  of  the 
socket  so  as  to  leave  an  opening  at  the  top.  Through  this, 
molten  lead  is  poured,  and,  after  cooling  for  about  one 
minute,  the  clay  is  removed.  The  lead  is  well  punned  with 
the  aid  of  a  lead  set  of  suitable  dimensions,  so  producing 
an  air  and  water  tight  joint  of  considerable  strength 
(Fig.  433).  If  the  yarn  is  omitted,  the  molten  lead  runs 
into  the  pipe,  which  it  effectually  blocks,  but  this  should 
be  discovered  when  testing  the  pi^^es  during  laying. 

Usually  the  pipes  are  jointed  in  pairs  at  the  side  of  the 
trench,  and,  for  this  purpose,  they  are  laid  upon  wooden 
pipe  blocks  which  raise  them  about  six  inches  from  the 


Fio.  438.— Joint  between  two  lengths  of  pipe. 

ground.  When  more  than  two  pipes  are  jointed  before 
being  placed  in  position  in  the  trench,  there  is  some  risk  of 
the  joints  being  opened  by  the  stresses  put  upon  them 
whilst  carrying  them.  As  each  length  is  laid,  the  mouth 
of  the  pipe  is  closed  by  a  wooden  plug  in  order  to  prevent 
the  ingress  of  stones  and  dirt  from  the  trench. 

The  pipes  are  laid  directly  in  the  ground  without  any 
concrete  or  other  foundation,  since  the  nature  of  their  design 
gives  them  very  great  strength.  In  fact,  the  only  way  in 
which  they  can  fail  is  by  the  joint  drawing,  but  the  number 
of  cases  in  which  this  occurs  is  quite  insignificant. 

Where  two  or  more  pipes  are  laid  in  a  single  trench  the 
pipe  joints  should  be  so  spaced  that  they  do  not  occur  at 
the  same  points  along  the  route,  since  this  is  economical  in 
the  space  occupied  and  also  tends  towards  greater  rigidity. 

As  each  length  of  pipe  is  laid  a  "  draw  wire  "  consisting 
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of  either  200  lb.  or  400  lb.  iron  wire  is  threaded  through 
the  pipes.  This  wire  serves  to  pull  the  cable  rope  through 
the  pipes  and  obviates  the  labour  involved  in  using  sweeps' 
rods  {q.v.). 

Each  pipe  entering  a  jointing  chamber  terminates  with 
a  bell-shaped  mouth.  Such  a  pipe  is  illustrated  in  Fig. 
434,  but  as  the  pipe  may  require  to  join  the  socket  end  of 


Fiu.  434.— A  bell-mouthed  pipe, 


the  main  pipe  it  will  be  obvious  that  bell-mouthed  pipes 
having  spigot  ends  are  also  needed.  It  is,  however,  more 
usual  to  cut  the  pipes  so  that  the  spigot  ends  enter  the  box, 
thus  obviating  the  necessity  for  bell-mouthed  pipes  (see 
page  753). 

Slight  curves  in  the  route  may  be  negotiated  by  giving 
the  pipes  a  slight  set  at  the  joints,  but  whenever  the  curve 
is  of  a  pronounced  character  curved  pipes  or  bends  (Fig.  435) 
are  used.    A  number  of  bends  of  varying  lengths  and  curva- 


Pio.  485.— A  4'  solid  Vb  bend  for  3^  pipes 


ture,  some  provided  with  sockets  at  both  ends  and  some 
with  spigot  and  socket  ends,  have  been  designed  to  meet 
these  cases.  The  yV  bends  with  a  lay  of  6  feet  are  probably 
used  more  often  than  any  of  the  others,  although  the  J  and 
^  bends  are  also  extensively  employed.  The  terms  ^,  |, 
tV»  a  denote  the  fraction  of  the  total  circumference  of  the 

For  instance,  the  t^  6 


circle  which  the  bends  represent.  ^  v.*  *..o««.*v.x>,  v^^  ^^^  v, 
feet  bend  has  the  curvature  of  xV  of  a  circle  14  feet  in 
radius. 
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y^  The  cost  of  constructing  a  line  of  conduits  varies  very  con- 

siderably with  the  character  of  the  roadway  or  footway  which. 
^  is  disturbed.    The  cost  per  yard  run  of  a  3  inch  pipe  laid 

beneath  a  gravel  footway  might  be  as  low  as  3s.  6d.,  whilst 
beneath  a  wood  block  carriage-way  it  might  be  in  excess  of 
168.  The  dijfference  is  almost  entirely  due  to  the  cost  of  re- 
instating the  footway  between  the  edges  of  the  trench  line. 
The  following  figures*  show  the  average  prices  charged' 
by  the  various  Metropolitan  local  authorities  for  the  re- 
instatement of  trenches  : — 

t  York  stone  ...  ...  ...  la.  8*64d.  per  sq.  yd. 

Tar  paving     ...  ...  ...  48.  0'76cZ. 

Asphalte  footway  ...  ...  Ss.  6*31d. 

Asphalte  carriage-way  ...  ...  148.  3d. 

\                   Pitched           „  relaid  on  Concrete,  48.  10*66c?. 

'^                 Macadam        ...  ...  ...  28.  2-3d 

Ballast  or  flints  ...  ...  Is.  6*35^. 

Wood  relaid  ...  ...  ...  158.  11 '4^. 

t Brick           ...  ...  ...  38.  575d. 

Beneath  footways  the  pipes  are  laid  at  a  minimum  depth 
of  12  inches,  but  under  roadways  a  minimum  depth  of 
2  feet   is  essential. 

Duct  Routes. 

Where  more  than  five  conduits  are  needed  along  the 
same  route,  it  is  more  economical  to  use  earthenware  ducts 
in  place  of  iron  pipes,  and  the  larger  the  number  required 
the  greater  is  the  saving  effected.  The  duct  used  by  the 
Post  Office  is  18  inches  long  with  a  '6\  inch  circular  bore 
and  an  octagonal  exterior  (Fig.  436).  The  ducts  are  laid 
upon  a  strengthened  concrete  foundation  and  are  jointed 
with  ozokerit  tape  (4  inches  wide)  laid  around  the  joint. 
Two  inches  of  the  tape  upon  each  side  of  the  joint  adhere 
to  the  successive  ducts,  but  it  is  really  to  the  rigidity  of  the 
foundation  that  the  joint  owes  its  perfection. 

A  train  of  mandrels  is  placed  in  each  duct  line  and  is 

*  Extracted  from  a  rctarn  prepared  by  the  Lambeth  (London)  Council, 
Electrician^  6th  August,  1904,  page  663. 

t  In  these  two  cases  must  be  added  the  cost  of  replacing  all  broken  or 
damaged  stones  or  bricks. 
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pulled  forward  as  each  joint  is  made  (Fig.  437).  This 
ensures  perfect  alignment  by  preventing  any  length  of  duct 
from  sinking  or  falling  after  being  laid.  When  the  man- 
hole is  reached  a  mandrel  5  feet  long  is  employed  to 
preclude  the  possibility  of  disturbance  to  the  nearer  joints 
whilst  the  chamber  is  being  constructed.     Finally,  the  ducts 


Fig.  436.— An  earthenware  duct. 


are  tested  by  drawing  a  mandrel  through  the  whole  section 
and  are  cleaned  out  by  the  circular  brush  which  follows  it. 
A  trench  of  suitable  dimensions  is  formed  and  a  3  inch 
layer  of  concrete  laid  down  (Fig.  438).  Upon  this,  one, 
two,  or  more  T-irons,  jointed  up  by  fishplates,  are  placed 
and  covered  by  a  second  3  inch  layer  of  concrete.  This 
foundation  is  allowed  to  dry  for  24  hours,  after  which  a 
thin  layer  of  cement  mortar  or  "  compo "  is  formed,  and 
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Fio.  437.— Train  of  mandrels  in  the  ducts  during  the  process  of  laying. 


the  first  or  lowest  row  of  ducts  bedded  upon  it.  More 
"  compo  "  is  added  and  the  subsequent  tier  of  ducts  laid 
down,  and  so  on,  until  the  complete  nest  of  conduits  has 
been  built  up.  If  the  roadway  is  of  macadam  or  other 
light  type  of  paving,  the  sides  and  top  are  lined  by  a  6  inch 
solid  concrete  wall,  whilst  under  wood  block  or  asphalte 
roads  4  inches  of  concrete  is  ample,  since  the  paving  itself 
is  laid  upon  a  heavy  concrete  bed. 
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Consideration  will  show  that  this  form  of  construction 
results  in  a  compact  block  of  conduits  (Fig.  439)  of  consider- 
able rigidity,  the  T-iron  sei-ving  to  prevent  any  possibility 
of  vertical  displacement.  The  joints  between  the  successive 
ducts  are  not  made  at  the  same  points  along  the  route,  but 
are  "  broken  "  as  indicated  in  Fig.  438. 


-concrete: 


WOOD    ROAD 


^  6  COM:/f£T^  PO£m>ST/Oi^ 
Fia.  488.— Formation  and  method  of  constructing  a  duct  route. 

It  will  be  realized  that  ducts  do  not  lend  themselves  to 
the  negotiation  of  curves,  and  in  such  cases  iron  pipes  are 
used  in  the  curvilinear  section,  since  the  joint  between  iron 
pipes  and  a  nest  of  ducts  presents  no  difficulty  whatever. 
The   single   duct   used   by  the  Post  Office  possesses  the 
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advantage  that  the  arrangement  of  the  group  may  be  varied 
to  clear  obstacles  e^i  route^  whereas  a  multiple  way  duct 
does  not  give  this  facility  and  it  is,  no  doubt,  largely  due 
to  this  fact  that  the  single  duct  was  adopted. 

Slide  Pipes. 

Two  methods  of  providing  for  the  joints  between  suc- 
cessive lengths  of  air  space  cable  have  been  used.  The 
fii-st  consists  in  leaving  a  suitable  gap  in  the  pipe  line  at 
each  point  where  a  joint  is  required,  and  to  cover  the  com- 
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Fig.  430.— Section  of  a  duct  route. 

pleted  joint  by  means  of  a  slide  pipe.  Before  the  joint 
between  the  two  lengths  of  cable  is  made  a  pipe  4  feet  8 
inches  long  and  4  inches  in  internal  diameter  is  slipped 
over  one  end  of  the  3  inch  pipe  and  pushed  back  out  of  the 
way  of  the  cable.  The  cable  joint  is  then  made  and  tested 
and  the  slide  pipe  pulled  over  so  that  its  ends  overlap  the 
ends  of  the  pipes  upon  either  side.  Yam  is  then  worked 
in  between  the  ends  of  the  slide  pipe  and  the  ends  of  the 
pipe  line  and  the  joint  leaded  in  the  ordinary  way,  thus 
securing  an  air  and  water  tight  joint. 

Whenever  it  is  necessary  to  obtain  access  to  the  joints, 
the  ground  is  opened  and  the  lead  picked  out  from  the 
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joints  with  the  aid  of  a  special  tool  which  somewhat 
resembles  a  diamond-pointed  chisel.  When  it  is  necessary 
for  any  purpose  to  cut  the  pipes,  the  gap  thus  made  is  filled 
by  using  a  length  of  split  pipe,  i,  e.  a  pipe  made  in  two 
halves  which  are  secured  together  by  four  pairs  of  cotters 
and  pins. 

The  positions  at  which  joints  have  been  made  are,  of 
course,  carefuUy  recorded,  but,  in  addition,  cast-iron 
"markers"  are  placed  above  the  joints  flush  with  the 
paving,  or,  where  no  pavement  exists,  a  sign  stating  the 
horizontal  distance  from  the  sign  to  the  joint  is  placed  at 
the  side  of  the  road.  As  it  may  be  many  years  before  it  is 
necessary  to  disturb  the  ground  there  is  less  disadvantage 
in  this  procedure  than  would,  at  first  sight,  be  imagined. 
The  first  cost  of  the  system  is,  of  course,  far  less  than  that 
in  which  jointing  chambers  are  employed. 

In  those  cases  in  which  the  lead  cable  joint  is  provided 
with  an  air  cap  the  slide  pipe  cannot  be  used,  and  in  order 
to  meet  this  requirement  a  new  form  of  coupling,  consisting 
of  a  longitudinally  split  pipe  provided  with  flanges  for 
securing  the  two  sections  together  and  having  the  upper 
half  so  shaped  as  to  provided  ample  accommodation,  has 
recently  been  introduced. 

The  present  practice  is  to  confine  the  use  of  slide  pipes 
or  couplings  to  those  cases  in  which  but  one,  or  even  two 
pipes,  have  to  be  laid  beneath  the  roadway,  as  for  example 
in  the  case  of  a  country  road  in  which  there  is  no  defined 
footway  upon  either  side,  the  construction  of  roadway  man- 
holes being  exceedingly  costly  whilst  the  ordinary  forms  of 
joint  box  and  their  covers  are  not  designed  to  withstand  the 
stresses  produced  by  heavy  wheeled  traffic. 

It  should  be  stated  that  the  use  of  slide  pipes  entails  the 
making  of  a  hole  of  fairly  large  dimensions  for  the  pulling 
in  and  subsequent  jointing  of  the  cable. 

Pillar  Test  Boxes. 

The  slide  pipe  system  has  only  been  used  in  the  case  of 
long  main  routes,  and  at  intervals  of  every  3  or  4  miles 
pillar  t^st  boxes  are  inserted  to  provide  crossing  and  testing 
facilities  should  the  occasion  arise.  These  boxes  somewhat 
resemble  the  section  boxes  used  for  electric  tramway  routes 
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and  rest  upon  12  inches  of  brickwork  built  upon  about 
6  inches  of  concrete.  About  10  inches  of  the  cast-iron 
frame  of  the  pillar,  which  is  five  feet  in  height,  is  below 
the  ground  line.  The  upper  portion  of  the  box  contains 
space  and  fittings  for  the  reception  of  a  cable  connection 
box  (q.v.)  of  suitable  form. 

Flush  Boxes  and  Pit  Channels. 

The  varying  i*equirements  are  met  by  using  six  standard 
sizes  of  joint  box  having  the  dimensions  shown  in  the 
table  below  : — 


r^ 

Length. 

2' 5" 
8' 
3' 
2' 
4' 4" 

Breadth. 

Distribution.     .     .     . 

Small 

Large 

Extra  Large  .... 
Single  Junction.     .     . 
Double  Junction    .     . 

9" 

10" 

15" 

18" 

2' 

2' 

The  distribution  box  is  used  solely  in  conjunction  with 
the  London  telephone  system  at  a  point  to  which  the  house 
connections  are  brought,  and  joints  in  the  7-pair  cables 
are  never  made  in  them.  The  small  box  is  sometimes 
used  upon  minor  telegraph  routes  where  gutta-percha  cable 
is  drawn  through  without  joints,  and  it  is  also  employed 
as  a  joint  box  for  a  small  number  of  wires.  The  type  of 
box  chosen,  of  course,  depends  entirely  upon  the  number 
of  pipes,  the  angles  at  which  they  enter  and  leave  the  box, 
and  upon  the  space  required  by  the  joint  or  joints. 

The  special  purpose  of  the  single  junction  box  is  to 
provide  for  a  lateral  pipe  at  the  corner  of  a  street.  It  is 
also  used  where  there  are  right-angle  turns  in  the  route. 
The  double-junction  box  provides  for  large  numbera  of 
wires  or  large  cable  joints,  and  may  be  used  where  the 
main  route  consists  of  two  pipes. 

The  extra  large  type  is  adequate  for  two  pipes  provided 
that  there  is  sufficient  room  for  jointing  the  cables,  and  as 
will  have  been  noticed,  it  is  of  the  same  length  as,  but  of 
greater  width  than,  the  "large"  box. 

In  order  to  reduce  the  size  of  the  boxes  needed  for  making 
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joints  in  large  cables  "  terminating  pipes  "  are  frequently 
employed.  A  "  3  to  4  inch  terminating  pipe  "  consists  of 
a  pipe  4  inches  in  diameter,  but  narrowing  down  at  the 
point  where  it  is  jointed  to  the  socket  of  the  ordinary  3" 
pipe.  In  this  way  the  lead  jointing  sleeve  may  be  pushed 
up  the  terminating  pipe  and  thus  reduce  the  length  of  the 
jointing  chamber  to  that  actually  occupied  by  the  joint 
itself,  but  allowing,  in  addition,  suitable  room  for  working. 
The  construction  of  the  various  types  of  box  differ  in 
little  save  their  dimensions,  and  a  detailed  description  of 
a  "large"  box  will  probably  suffice  to  render  the  general 
arrangements  of  the  various  types  quite  apparent. 


Fig.  440.— An  extra  largo  joint  box. 

The  cast-iron  body  of  a  large  box,  together  with  its 
more  important  dimensions,  are  shown  in  Fig.  440.  The 
lid  (Fig.  441)  consists  of  an  iron  casting,  so  shaped  as  to 
receive  and  support  the  slab  of  asphalte  (3"  in  thickness) 
which  is  cemented  to  it.  Since  the  lip  of  the  cover  projects 
over  the  edges  of  the  box  body,  it  is  frequently  necessary 
to  protect  the  lip  by  placing  an  edging  of  stone  2"  wide 
and  4^"  deep  right  round  the  box  (see  Fig.  442).  Where 
the  paving  is  of  York  or  artificial  stone  the  edging  may,  of 
course,  be  omitted. 

When  the  line  of  pipes  is  being  laid  the  requisite  gaps 
are  left  at  each  box,  but  care  is  taken  that  the  ends  of  the 
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pipes  shall  terminate  at  the  spigot  ends,  which  is  readily 
effected  either  by  cutting  the  last  pipe  to  the  requisite 
length  and  making  the  joint  with  the  cut  end  or  by  shorten- 
ing the  last  pipe  but  one. 

A  hole  of  suitable  dimensions  is  prepared  and  the  bottom 
lined  w^ith  3"  of  concrete  upon  which  one,  two,  or  more 
coiirses  of  bricks  are  built  according  to  the  requirements  of 
the  case.  Upon  the  top  of  this  the  box  body  is  placed  and 
bricked  up  in  the  manner  indicated  in  Fig.  442,  the  pipe 
entering  the  box  within  the  hollowed  end  of  the  body. 
Where  the  pipe  entei-s  at  a  lower  level  it  is  customary  to 
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Pio.  441.— Cover  for  joint  box. 

increase  the  depth  of  the  box  so  that  there  are  two  courses 
of  brickwork  below  the  lower  pipe. 

The  double  junction  box  is  provided  with  two  lids,  each 
2  feet  square  of  the  same  type  as  that  used  on  single 
junction  boxes.  The  centre  of  the  box,  where  the  two  lids 
meet,  is  provided  with  a  removable  cross-piece  upon  which 
the  lids  normally  rest.  Apart  from  this,  there  is  nothing 
which  calls  for  comment  in  the  five  types  of  box  not 
discussed  in  detail. 

In  addition  to  the  boxes  described  "pit  channels"  are 
made  in  the  same  six  sizes  and  differ  from  the  boxes  in  the 
absence  of  the  "  legs."  A  pit  channel  occupies  less  space 
for  storage,  but  it  requires  more  bricks  in  building,  w^hilst 
the  frame  is  cheaper  than  a  box  body  on  Taccount  of  the 
smaller  weight  of  iron.  In  every  case  the  lips  of  the  lids 
fit  within  the  edges  of  the  frame,  and  stone  edging  is, 

30 
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therefore,  unnecessar\\  The  pit  channel  forms  the  only 
type  of  jointing  chamber  which  can  be  used  where  sufficient 
depth  cannot  be  obtained  for  a  box.  In  such  cases  the 
pipe  may  be  brought  much  nearer  to  the  surface,  and  a 
fairly  satisfactory  space  provided.  At  the  same  time  it 
must  be  admitted  that  pit  channels  permit  much  more  water 
to  enter  the  box  than  is  the  case  with  joint  boxes  owing  to 


CftST    IRON 


FRUML 


STONt   tOGTNO 


£"  ASPHALTt  ■ 
6'COMCPtTE- 


Fio.  442.— View  of  interior  of  a  joint  box  showing  the  supports  for  cable  joints. 

the"  fact  that  the  lids  of  the  latter  fit  over  the  edges  of  the 
body  of  the  box. 

Manholes. 

Where  there  are  several  pipes,  or  at  important  junction 
points  between  main  routes,  manholes  are  constructed. 
They  may  be  formed  beneath  the  footway  or  the  roadway, 
and  for  small  sizes  the  former  is  preferable,  since  the  lesser 
strength  requisite  can  be  obtained  without  undue  expense. 
The  manholes  beneath  the  roadway  must  be  capable  of 
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supporting  the  heaviest  traffic,  and  are  therefore  of  a 
heavier  tjrpe.  Usually  the  footways  are  largely  taken  up 
by  gaSf  water,  electric  light,  tramway,  and  other  services, 
and  the  space  for  the  construction  of  a  large  manhole  is 
not  available. 

The  smallest  type  of  footway  manhole  is  built  with  9'' 
brick  walls  upon  a  C  concrete  foundation  "  rendered  "  with 
f"  of  cement.     A  double  junction  pit  channel  covers  half  of 


Fig,  443.— View  of  a  footway  manhole. 

the  top,  whilst  a  boiler  plate  Y'  in  thickness,  supported  by 
the  brickwork  upon  three  sides  and  by  a  rolled  steel  tee 
upon  the  fourth,  covers  the  half  immediately  above  the  pipes. 
Upon  this  plate  a  suitable  layer  of  concrete  serves  to  support 
a  York  stone,  the  face  of  which  is  flush  with  the  lids  of  the 
pit  channel. 

A  larger  type  of  footway  manhole  is  illustrated  in  Fig. 
443  from  which  it  will  be  seen  that  the  roof  is  formed  by 
York  stones  carried  upon  6"  x  5''  rolled  steel  joists  supported 
at  each  end  upon  stone  templates  built  into  the  brickwork 
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of  the  sides.  Tlie  entrance  is  formed  by  adding  a  footway 
maiiliole  frame  or  cover,  the  design  of  which  closely  resembles 
the  single  junction  pit  channel  previously  described. 

At  each  comer  of  the  manhole   ringbolts  are  fixed  to 
facilitate  the  operation  of  pulling  the  cable  into  the  pipes. 
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FiQ.  444.— A  roadway  uianhole. 


Gralvanized  iron  steps  are  fixed  into  one  of  the  end  walls, 
as  indicated  in  the  figures.  Iron  cable  supports  2"  wide, 
slightly  hollowed,  are  provided  to  carry  the  cables  across 
the  manhole.  The  entrance  is  invariably  at  the  side  of  the 
manliole  so  that  there  shall  be  no  danger  of  the  cables  being 
damaged  by  workmen  stepping  upon  them  as  might  readily 
happen  were  the  entrance  placed  directly  over  the  cables. 


THE  CONSTRUCTION  OF   UNDERGROUND  LINES    757 

When  earthenware  ducts  are  used  the  lead  sheathings  of 
the  whole  of  the  cables  are  joined  with  lead  strip  to  the 
leaden  earth  plate,  which  is  placed  below  the  concrete 
foundation.  The  object  of  the  arrangement  is  to  prevent 
electrolytic  damage  to  the  cable  sheathings  produced  by 
stray  or  return  currents  from  electric  tramway  systems. 


Fia.  445.— Side  view  of  a  roadway  manhole  of  large  size,  showing  the  cable  bearer. 

Roadway  manholes  are  built  in  somewhat  similar  fashion, 
but  the  entrance  is  closed  first  by  means  of  an  iron  plate, 
clamped  down  on  to  an  india-rubber  ring  resting  upon 
a  flange,  which  prevents  any  mud  which  may  work  its  way 
between  the  cover  and  the  frame  from  entering  the  interior 
of  the  manhole,  and  then  by  the  cover,  which  consists  of  an 
iron  casting  fitted  with  wood  blocks  in  the  type  of  which  an 
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end  view  is  given  in  Fig.  444,  the  mud  excluder  is  of  a 
slightly  different  pattern,  a  spider  and  screw  replacing  the 
four  clamping  handles  of  the  older  type.  It  will  also  be 
observed  that  the  brickwork  of  the  retaining  walls  is  14" 
thick  as  against  9"  of  the  footway  manhole,  and  that  the  roof 
is  formed  by  a  series  of  steel  joists  carrying  boiler  plate, 
concrete,  and  finally  a  layer  of  asphalte  upon  which  the  road 
is  constructed. 

A  manhole' of  larger  and  heavier  type  is  depicted  in  Fig. 
445,  and  differs  from  the  one  previously  described  in  the 
use  of  deck  troughing,  and  also  in  the  slightly  different 
arrangement  of  the  entrance.  It  may,  however,  be  remarked 
that  in  later  types  the  cast-iron  making  up  piece  is  substi- 
tuted by  brickwork  of  similar  formation. 

The  cables  are  supported  upon  a  cable-bearer  placed 
against  the  side  wall  more  remote  from  the  opening.  It 
consists  of  four  tubular  supports  braced  together,  and  to 
which  additional  tiers  may  be  added  as  the  number  of 
cables  increases.  Each  tier  supports  the  whole  of  the 
cables  entering  the  manhole  at  the  same  level. 

The  whole  of  the  various  types  of  manhole,  together  with 
the  various  special  arrangements  indicated,  were  designed 
by  M.  F.  Roberts,  for  use  in  connection  with  the  Post  Office 
London  Telephone  system. 

In  flush-boxes  supports  fixed  into  the  brickwork  at  the 
side  of  the  box  are  frequently  used  to  support  double  solid 
or  other  types  of  joint  (see  Fig.  442). 

Gutta-percha-covered  Wires. 

The  type  of  wire  formerly  used  for  underground  circuits 
is  known  as  "  No.  7|  G.P.  prepared,"  the  "  7^  "  relating  to 
the  total  gauge  of  the  completed  wire.  The  copper  con- 
ductor is  50  mils  in  diameter,  weighing  40  lbs.  per  mile, 
whilst  the  covering  has  a  major  diameter  of  174  mils 
and  weighs  50  lbs.  to  the  mile.  Single  wires  are  spirally 
wrapped  with  ozokerit  tape  as  a  mechanical  protection  to 
the  insulator,  whilst  quadruple  cables  are  formed  by  spir- 
ally wrapping  four  untaped  wires  with  a  broad  ozokerit 
tape.  Where  thirty  wires  are  needed  seven  quadruple  cables 
and  two  single  wires  are  tied  together  at  intervals  of  about 
3  feet,  but  tlicsc  ties  are  removed  as  the  cable  is  drawn  into 
the  pipes. 
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TJie  minimum  insulation  of  a  new  wire  is  200  megoHms 
per  mile  at  75°  F.,  but  rises  to  about  1338  megohms  at  the 
temperature  of  the  pipes,  usually  about  50°  F.  In  practice, 
the  specified  minimum  value  is  very  greatly  exceeded,  and 
is  frequently  from  ten  to  twenty  times  as  much.  When  the 
insulation  falls  below  one  megohm  per  mile  the  wire  is 
considered  faulty,  and  is  renewed  forthwith. 

The  disadvantages  of  gutta-percha  wires  when  laid 
underground  consist  in  the  cost,  electrical  inefficiency,  and 
the  deterioration  which  more  or  less  rapidly  sets  in.  The 
life  of  a  guttarpercha-covered  wire  is  greatest  when  it  is 
continuously  under  water,  as  in  the  case  of  submarine 
cables.  When  exposed  to  the  action  of  light  and  air  the 
deterioration  is  rapid,  and  in  underground  pipes  the  wires 
are  never  wholly  dry,  nor  are  they  wholly  under  water. 
Their  life,  under  such  conditions,  is  from  12  to  15  years, 
but  is  much  less  when  high  E.M.F.s  are  in  use  upon  the 
circuits. 

India-kubber-covered  Wires. 

The  specific  capacity  of  gutta-percha  is  4"2,  whilst  that 
of  india-rubber  is  about  2*94,  and  it  would  therefore  appear 
preferable  to  use  india-rubber-covered  wires,  but  in  cables 
it  is  found  that  the  difference  in  capacity  between  cores  of 
the  same  dimensions  does  not  usually  exceed  10%.  Also,  the 
dielectric  strength  of  rubber  is  considerably  greater  than 
gutta-percha,  or,  in  other  words,  a  given  thickness  of  rubber 
will  withstand  a  difference  of  potential  between  the  oppo- 
site faces  which  would  break  down  an  equal  thickness  of 
gutta-percha.  It  has,  however,  been  found  that  the  life  of 
india-rubber-covered  wires  laid  in  pipes  is  less  than  half 
that  of  a  gutta-percha-covered  wire,  and  consequently  its 
use  has  been  entirely  abandoned. 

.  Many  proposals  have  been  made  for  the  substitution  of 
rubber  and  percha,  but  so  far  without  conspicuous  success.*^ 


AIR-SPACE  AND  PAPER-CORE   CABLES. 

The  air-space  and  paper-core  cables  which  have  been  so 
extensively  used  during  the  past  few  years  have  the  merits 

•  Sco  leading  article  **  Submarine  Telephone  Cables"  in  the  Electrician 
of  September  2,  1904,  p.  796. 
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of  cheapness  and  less  static  capacity  than  gutta-percha- 
covered  wires.  For  a  given  number  of  wires  the  cable 
itself  is  cheaper  than  the  same  number  of  gutta-percha 
wires,  and,  as  it  occupies  far  less  space,  there  is  a  large 
saving  in  the  number  of  conduits  needed.  The  nett  result 
is  that  the  cost  per  circuit  is  one-third  to  one-fourth  of  that 
of  a  circuit  in  a  G.P.  cable. 

The  carrying  capacity  of  a  pipe  is  proportional  to  the 
square  of  its  internal  diameter,  but  the  design  of  the  cables 
somewhat  modifies  this  statement,  since  there  are  certain 
constants,  such  as  the  thickness  of  the  lead  covering,  to  be 
considered.  It  may,  however,  be  interesting  to  compare 
the  numbers  of  conductore  of  various  types  which  may  be 
accommodated  within  2,  3,  and  3|  inch  pipes,  and  the 
following  table  is  therefore  added  : — 


G.P.  wircB.      I 
!  40  lb.  conductors.  ; 


Number  of  wires  in  one  paper-coro  or  air-space. 


Type  of     Single 
pipe.    I    wires. 


H" 


Quad- 
ruple 
cables. 


Screened 
401b.    ' 


201b.    I    401b.   I   100  Ibu   ,  1501b. 

con-         con-    ,     con-         con- 

dnetore.  dnctors.  dnctors. '  ductors. 


10  I  61 
20  '  108 
23    156 


122  I 

612 

612 


74 
216 
254 


88 
122 
150 


80 
74 
96 


200  1b. 
con- 
ductors. I 


24 
74 

74 


The  cables  consist  of  conductors  contained  within  a  seam- 
less lead  sheathing,  and  separated  from  each  other  by  air 
and  paper.  The  "air-space"  cable  is  one  in  which  the 
maximum  amount  of  air  space  is  allied  with  the  minimum 
thickness  of  the  paper,  whilst  "paper-core"  cables  are 
those  in  which  the  insulation  is  very  largely  of  paper.  For 
telephone  distribution  work  a  paper-core  cable  is  employed, 
since  the  cost  of  the  cable  would  be  very  greatly  increased 
by  enlarging  the  space  occupied  by  each  conductor.  Again, 
the  screened  cable  is  of  the  paper-core  type,  since  it  is 
necessary  to  form  a  continuous  copper  sheathing  around 
each  conductor. 

Cables  of  the  two  types  described  are  frequently  spoken 
of  as  "  dry-core,"  "  paper,"  or  even  "  lead  "  cables,  but  the 
designations  indicated  above  appear  to  be  more  accurate. 

It  will  be  obvious  that  the  substitution  of  air  for  giitta- 
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percha  as  the  dielectric  reduces  the  static  capacity  of  the 
wires,  and  even  in  paper-core  cables  (see  page  768)  a  very 
large  reduction  takes  place.  The  capacity  of  paper-core 
tioin  cable  conductors  varies  from  '08  with  20  lb.  conduc- 
tors to  1  m.f.  per  mile  with  conductors  weighing  100  lbs.  or 
more  per  mile. 

The  most  serious  danger  which  menaces  these  lead- 
covered  cables  consists  in  the  corrosion  of  the  sheathing, 
but  whether  this  will  prove  of  vital  importance  is  yet  too 
early  to  say.  It  wiU  be  obvious  that  from  the  very  design 
of  the  conduits  and  boxes  it  is  impossible  to  keep  the  pipes 
quite  free  from  water.  The  water  which  finds  its  way  into 
the  pipes  frequently  contains  active  chemical  substances  in 
solution  which  gradually  destroy  the  sheathing — in  fact, 
there  is  evidence  to  show  that  in  some  cases  a  slight  amount 
of  chemical  action  commences  even  before  the  cable  is  puUed 
into  the  pipes,  but  this  may  be  entirely  avoided  by  the 
application  of  grease  immediately  after  manufacture.  Since 
the  cast-iron  pipe  and  the  lead  sheathing  with  a  certain 
amount  of  impure  water  form  a  voltaic  couple,  corrosion 
may  also  arise  from  this  source,  but  by  far  the  most  serious 
trouble  is  produced  by  leakage  currents  from  the  uninsu- 
lated return  circuits  of  electric  tramways.  The  precautions 
to  be  observed  are  as  follows : — 

(1)  To  pack  the  box-lids  with  tarred  pipe  yarn  and  a 

mixture  of  crane  grease  and  whitening  so  as  to 
secure  a  water-tight  joint. 

(2)  To  use  large  quantities  of  petroleum  jelly  when  draw- 

ing in  the  cables,  and  thus  to  provide  a  protective 
covering. 

(3)  To  electrically  connect  the  various  lengths  of  iron 

pipe  where  they  are  broken  by  boxes  or  other 
jointing  chambers,  and  to  connect  both  the  pipes 
and  the  cables  which  they  contain  to  efficient  earths 
at  suitable  distances  apart. 

If  the  pipes  are  perfectly  dry  or  if  the  cables  are  well 
covered  with  grease,  chemical  voltaic,  and  electrolytic  action 
is  excluded,  but  in  practice  these  conditions  cannot  always 
be  attained.  The  object  in  bonding  the  pipes  is  to  prevent 
any  current  circulating  in  the  pipes  from  passing  through 
the  cables  at  the  points  where  the  line  of  pipes  is  broken  by 
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a  jointing  chamber,  for  it  will  be  obvious  that  if  moisture  is 
present  at  these  points  electrolytic  action  must  inevitably 
result.  In  some  cases  the  effect  has  been  of  sufficient  mag- 
nitude to  entirely  destroy  the  lead  sheathing  (by  converting 
it  into  carbonate  of  lead  or  white  lead)  and  thus  exposing 
the  paper  insulation.  In  order  to  prevent  electrolytic  action 
due  to  leakage  currents  in  the  cable  sheath,  where  they  enter 
or  leave  the  cable,  efficient  earth  connections  at  suitable 
points  are  provided,  and  it  is  believed  that  these  remedies 
will  obviate  further  serious  damage. 

The  method  of  bonding  the  pipes  together  is  illustrated 
in  Fig.  446.  The  spigot  end  of  all  new  pipes  is  of  slightly 
increased  length  so  as  to  enable  a  suitable  bolt  hole  to  be 
made.    A  thin  lead  sleeve  is  slipped  over  the  slightly  conical 

head  of  the  G.I.  bonding 
bolt,  whilst  a  washer,  re- 
cessed to  receive  the  lead 
strip  used  for  electrically 
connecting  the  successive 
pipes  across  the  jointing 
chamber,  is  placed  beneath 
the  nut.  When  this  nut  is 
screwed  down  the  lead 
between  the  pipe  and  the 
head  of  the  bolt  and  that 
between  the  washer  and  the 
top  of  the  pipe  (which  is,  of 
course,  previously  scraped 
quite  clean)  is  subjected  to 
compression,  thus  establish- 
ing an  intimate  electrical 
contact  between  the  pipe  and  the  lead  strip.  For  bonding 
the  pipes  which  have  already  been  laid,  BuUers'  patent  clips 
are  employed ;  they  fit  over  the  outside  of  the  pipes  and 
serve  to  maintain  the  lead  connecting  strip  in  firm  and 
complete  contact.  ^V^lere  there  are  several  pipes  in  the  one 
box,  the  ends  of  all  the  pipes  are  electrically  connected 
together,  and  also  to  the  various  cables  which  they  contain, 
by  lengths  of  lead  strip.  It  should  be  pointed  out  that  the 
ordinary  leaded  joint  (see  Fig.  433)  between  the  various  pipes 
forms  a  fairly  satisfactory  electrical  joint,  notwithstanding 
the  two  coatings  of  Angus  Smith  Compound  which  intervene 


Fici.  440.— Bullere*  bonding  bolte. 
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between  the  socket,  the  lead,  and  the- spigot  of  each  pair  of 
pipes. 

Inductive  Disturbances. 

The  inductive  interferences  between  parallel  single  wire 
telephone  circuits  led  to  the  universal  adoption  of  metallic 
circuits.  Owing  to  the  unsensitive  character  of  telegraph, 
in  comparison  with  telephone,  receiving  apparatus  no 
difficulty  was  experienced  with  single  wire  telegraph  cir- 
cuits until  they  were  brought  into  close  proximity  for  long 
distances  in  air-space. cables.  In  order  to  appreciate  the 
nature  and  efficiency  of  the  remedy  it  is  necessary  to  investi- 
gate the  typical  conditions  under  which  static  and  dynamic 
induction  occur. 

Consider  three  insulated  brass 
spheres  A,  B,  and  C  occupying  the 
relative  positions  indicated  in  Fig. 
447,  B  and  G  being  joined  by  a  wire. 
The  sphere  A  is  positively  charged 
by  connecting  to  it  the  positive  pole 
of  an  earthed  battery.  The  positive 
charge  upon  A  acts  inductively  upon 
By  with  the  result  that  a  certain 
quantity  of  positive  electricity  is 
repelled  along  the  wire  to  0,  which 
becomes  positively  charged.  The 
action  of  A  upon  C  has  been 
ignored  since  its  effect  is  merely  to 
slightly  reduce  the  quantity  of  elec- 
tricity flowing  from  B  to  G.  When  A  is  discharged,  the  nega- 
tive charge  upon  JS  is  no  longer  held  by  the  positive  charge 
upon  Ay  consequently  a  current  flows  from  G  to  B,  and 
both  spheres  resume  their  normal  or  uncharged  conditions. 

Consideration  will  show  that  every  change  in  the  charge 
A  produces  a  current  between  B  and  (7.  An  increase  in 
the  positive  charge  or  a  reduction  of  the  negative  charge 
causes  a  current  to  flow  from  B  to  C,  whilst  a  reduction  of 
the  positive  or  an  increase  in  the  negative  charge  produce 
a  current  from  G  to  B.  The  induced  current  only  flows 
whilst  the  charge  upon  A  is  varying. 

The  connection  of  an  earthed  battery  to  the  disconnected 
line  A  (Fig.  448)  produces  currents  through  the  ends  of  the 


Fia.  447.--Blectro-staUo 
indactlon. 
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earthed  circuit  B  wkich  is  parallel  to  it.  The  line  B 
becomes  negatively  charged  by  the  repulsion  of  a  certain 
quantity  of  electricity  to  earth  at  either  end  of  the  circuit, 
A  reversal  of  the  battery,  of  course,  produces  a  current 
flowing  into  the  wire  from  earth  at  each  end.  If  a  relay  is 
joined  up  at  each  end  of  the  earthed  circuit,  and  the  dis- 
connected wire  is  joined  to  a  double  current  set,  the 
signals  sent  on  the  key  may  be  read  upon  the  two  relays, 
by  carefully  adjusting  them  to  neutrality.  For  example, 
suppose  that  the  letter  "  T  "  is  sent.  The  spacing  current 
charges  the  disconnected  circuit  negatively,  which  causes 
currents  to  flow  from  earth  through  the  relays  into  the  line, 
so  causing  the  tongues  to  go  over  to  S  or  leaving  them 
in  that  position  if  already  upon  the  left  contacts.     The 


Fig.  448.— Electro-static  induction  between  two  tel^raph  circuits. 

depression  of  the  key  for  the  dash  cliarges  A  positively 
and  currents  flow  through  the  relays,  in  the  direction  J7  to  D, 
to  earth  at  each  end.  This  commences  the  mark  which  is 
not  stopped  until  the  key  is  released  and  momentary  currents 
again  flow  through  the  relays. 

This  is  a  typical  case  of  electro-static  induction,  and  it 
is  to  this  effect  that  the  whole  of  the  serious  trouble  is  due. 

Electro-magnetic,  or  dynamic,  induction  is  due  to  the  fact 
that  the  lines  of  force  generated  by  a  current  in  the  first  cir- 
cuit cut  the  conductor,  and  so  induce  a  current  in  the  second. 

In  Figs.  448  and  449  the  relays  are  all  shown  with 
their  "  up  *'  sides  joined  to  line,  whereas  in  practice  the 
relay  at  one  end  would  have  the  "  up  "  side  to  earth.  It 
will  therefore  be  realized  that  the  inductive  effect  would 
be  such  as  to  produce  reversed  signals  at  the  down  station. 
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Two  parallel  earthed  circuits  are  shown  in  Fig.  449,  and 
this  represents  the  case  which  arises  in  practice.  When 
the  battery  is  connected  to  circuit  A  a  currcAt  begins  to 
pass  along  the  line,  and  the  wire  is  charged  as  indicated  by 
the  shaded  triangle.  Now  the  charge  upon  A  produces 
momentary  currents  in  the  directions  shown  by  the  double 
arrow-heads,  but  as  charge  is  larger  at  the  sending  end  the 
current  produced  through  the  relay  on  the  left  is  greater 
than  that  through  right-hand  relay,  the  actual  difPerence 
being  in  the  ratio  of  two  to  one. 

Whilst  the  current  is  attaining  its  full  value  the  con- 
centric lines  of  force  roimd  the  full  length  of  A  cut  through 
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FiQ.  449.— Bleclro-static  and  dynamic  induction  between  two  telegraph  circuits. 

the  circuit  B,  generating  an  E.M.F.  in  the  direction  shown 
by  the  single  arrow-heads.  The  value  of  the  resulting  induced 
cui-rent  is,  of  course,  equal  at  all  parts  of  the  circuit. 

At  the  left-hand  side  of  the  circuit  the  dynamic  and 
static  effects  add  together,  but  at  the  other  end  they 
oppose,  with  the  result  that  this  end  of  the  circuit  may  be 
practically  unaffected,  whilst  pronounced  currents'are  pro- 
duced through  the  left  relay  whenever  the  position  of  the 
key  upon  A  is  altered.  j-i     i. 

By  considering  a  few  typical  cases  it  can  readily  be 
shown  that  the  interference  by  induced  currents  is  much 
greater  at  the  end  nearer  the  sending  station  than  at  the 
further  end. 
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In   the 


London-BirmiDgham  underground  cable  the 
inductive  effect  of  the  circuits  upon 
each  other  is  so  great  as  to  render 
Wheatstone  working  upon  single 
wires  quit©  impracticable,  and  this 
notwithstanding  that  the  wires  are 
crossed  at  frequent  intervals  so  as 
to  prevent  any  two  circuits  from 
running  side  by  side  for  any  con- 
siderable distance.  The  wires  in 
this  cable  are  twisted  in  paira,  and 
for  each  Wheatstone  circuit  a 
twisted  pair  of  wires  is  employed, 
but  this  is  not  a  very  serious  matter, 
since  a  key  worked  duplex  circuit 
is  superimposed  upon  each  Wheat- 
stone circuit,  and  two  circuits  are 
thus  obtained  from  the  pair  of  wires. 
(See  appendix  C.) 
J  I    '  By  twisting  the  wires   in  pairs 

f    \        the  inductive  effect  of  each  wire  is 
-^^0^,    balanced  by  the  opposite  effect  of 
^■^B      its  partner,  whilst  no  effect  can  be 
^H^^    produced  upon  the  twisted  circuit, 
owing  to  the  two  wires  uniformly 
changing  their  positions  with  such 
frequency  that  the  inductive  effects 
in  each  are  equal  and  balance. 

A  long  series  of  very  exhaustive 
experiments  proved  that  a  certain 


Fia.  450.— Quadruple  pair  air- 
space cable. 


Fio.  461.— Section  of  a  quadruple 
pair  cable. 
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amount  of  inductive  interference  occurs  between  two  neigh- 
bouring pairs  of  twisted  wires  of  equal  lay 
running  together  for  a  considerable  dis- 
tance. This  induction  is  of  a  serious 
character  when  the  pairs  of  wires  are  used 
for  telephone  circuits,  but  the  sphere  of 
disturbance  due  to  each  twisted  pair  is 
limited  to  the  two,  or  in  some  cases  three, 
pairs  next  to  it  upon  either  side.  This 
defect  has  been  remedied  by  varying  the 
lay,  i,  e.  the  length  taken  for  a  complete 
twist.  With  20  lb.  conductors,  the  succes-  ^] 
sive  conductors  in  the  outer  layer  have 
lays  of  3,  4,  5  and  6  inches  respectively, 
whilst  with  100  lb.  conductors  the  lays 
are  7,  8,  9  and  10  inches. 


Screened  Cable. 

As  stated,  the  use  of  a  metallic  circuit 
for  the  high  speed  wires  eliminates  all 
trouble  due  to  inductive  interference 
between  the  telegraph  circuits  contained 
within  a  long  cable.  In  order  to  avoid 
the  use  of  two  conductors  for  each  Wheat- 
stone  circuit,  and  to  effectually  prevent 
inductive  disturbances,  even  when  the 
circuits  run  together  in  the  same  relative 
positions  for  long  distances,  the  **  paper- 
core  screened  single  conductors"  cable 
was  specially  designed. 


mn^i 


Fio.  452.— Screened 
conductor  cable. 


Fio.  463.- Section  of  a  screened  conductor  cable. 

The  conductor,  of  40  lb.  copper,  is  firet  covered  with 
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three  wrappings  of  paper,  the  first  of  which  may  be  eitlier 
spiral  or  longitudinal,  but  the  other  two  are  invariably 
applied  spirally.  The  spiral  wrappings  are  applied  so  as  to 
form  a  helical  air  space  throughout  the  length  of  the  core. 
The  conductor  thus  insulated  is  then  enclosed  in  a  final 
wrapping  of  paper  forming  a  closed  helix  without  overlap. 
Over  this  is  laid  a  helical  winding  of  copper  tape  300  mils 
wide  and  3  mils  thick,  with  an  overlap  90  mils  wide.  The 
over  all  diameter  of  each  completed  conductor  is  160,  180, 
or  200  mils,  according  to  the  type  of  cable  required.  For 
instance  a  cable  containing  40  conductors  is  made  up  of  1,  6, 
12,  and  21,  cores  in  the  centre,  1st,  2nd,  and  outer,  layers 
respectively.  The  outer  layer  conductors  are  in  this  case  1 60 
mils  in  diameter,  whilst  all  the  remaining  cores  have  a  dia- 
meter of  200  mils.  The  capacity  of  the  160,  180  and  220 
mil  cores  are  respectively  *15,  '135  and  *125  m.f.  per  mile, 
whilst  the  minimum  insulation  is  specified  as  5000  megohms 
per  mile  at  50^  F.  after  one  minute's  electrification. 

The  whole  of  the  cores  are  laid  together,  and  jsl  seamless 
cylindrical  sheathing  of  lead,  at  a  temperature  of  600°  F.,  is 
applied  to  the  cable.  The  thickness  of  this  sheathing  is 
from  130  to  150  mils,  with  an  external  diameter  of  1*65 
inches. 

The  cable  is  made  in  the  lengths  required  for  pulling 
in  between  the  various  boxes  along  the  route  upon  which 
it  is  to  be  used.  The  two  ends  of  the  cable  are  sealed  by 
soldering  lead  caps  on  to  the  ends  of  the  sheathing,  and 
the  completed  length  is  wound  on  to  a  wooden  drum  ready 
for  delivery. 

Although  this  description  relates  to  a  particular  type  of 
cable,  it  is  typical  of  all,  since  the  differences  consist  merely 
in  the  number  and  arrangement  of  the  cores. 

A  cable  having  45  40  lb.  conductors  is  illustrated  in 
Figs.  452  and  453.  A  40  lb.  conductor  core  having  a 
diameter  of  230  mils  gives  a  capacity  of  095  m.f.  per  mile. 
Cores  having  70  lb.  and  100  lb.  and  even  larger  conductors 
are  used,  but  they  are  very  often  specially  designed  to  meet 
the  particular  circumstances  under  which  they  are  to  be 
employed.  A  70  lb.  core  with  a  total  diameter  of  225 
mils  and  a  100  lb.  core  with  a  diameter  of  240  mils  each 
give  a  capacity  of  *125  m.f.  per  mile. 

The  substitution  of  paper  and  air  for  the  gutta-percha 
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covering  of  the  old  type  of  wire  reduces  the  capacity,  and 

increases  both  the  insulation  resistance  and 

the   dielectric   strength  of  the  core.     The 

addition    of  the   copper   tape   screens   the 

conductors  from  inductive  interference,  and 

so  obviates  the  difficulty  which  arose  with 

the  ordinary  type  of  air-space  cable,  when 

used  for  telegraph  circuits. 

The  copper  tape  forms  a  continuous  con- 
ducting tube  around  the  wire,  and  as  this 
tube  is  earth-connected,  either  by  direct 
contact  wilh  the  lead  sheathing  or  indirectly 
by  the  tapes  of  the  other  cores,  it  will  be 
obvious  tliat  electro-static  induction  between 
the  wires  cannot  occur.  Firstly,  Faraday's 
experiments  showed  that  variations  in  the 
differences  of  potential  existing  or  produced 
between  c-onductors  within  a  metallic 
covering  produce  no  effect  outside  that 
covering.  Secondly,  any  source  of  inductive 
disturbances  brought  to  bear  upon  a  screened 
conductor  produces  the  whole  of  its  effects 
upon  the  copper  tape.  The  magnetic  lines 
of  force  induce  currents  along  the  tape 
covering  the  wire,  and  as  this  path  is  highly 
conductive,  practically  the  whole  of  the 
energy  is  absorbed  by  it.  In  order  to  pro- 
duce an  inductive  effect,  currents  must  be 
generated  in  the  tape  of  the  disturbing  wire 
and  also  in  the  tape  of  the  disturbed  wire 
before  the  second  conductor  is  reached.  It 
will  therefore  be  realized  that  the  energy 
available  is  ex- 
ceedingly small, 
and  in  practice 
it  may,  without 
serious  error,  be 
considered  to  be 
nil. 

This  type  of 
screened  cable  re- 
presents the  standard  practice  of  the  Post  Office  for  telegraph 

3i> 


Fio.  464.— Twin  paper 
core  cable. 


Fio.  455.— Section  of 
a  twin  cable. 
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circuits,  and  circuits  of  any  description  may  be  worked  in 
any  position  in  the  cable,  and  may  run  together  in  the  same 
relative  positions  for  indefinite  distances  without  a  trace  of 
inductive  disturbances. 

A  large  quantity  of  cable  consisting  of  single  conductor 
lead-covered  wires  contained  within  a  spiral  wrapping  of 
ozokerit  tape  is  in  use  at  the  present  time.  This  cable 
proved  imsatisfactory,  largely  on  account  of  the  joints 
becoming  defective  by  reason  of  their  somewhat  fragile 
character,  and  this  led  to  the  design  and  introduction  of 
the  type  just  described.  The  lead  sheathing  over  each 
conductor  serv'es  precisely  the  same  purpose  as  the  copper 
tape  in  the  screened  conductor  cable. 

There  is  a  very  large  number  of  types  of  cable  used  by 
the  Post  Office,  and  as  telegraph  and  telephone  circuits  are 
frequently  contained  within  a  single  cable  it  has  been 
thought  desirable  to  briefly  indicate  a  few  of  the  prototypes. 

Airspace  cables.  Twin  types, — In  every  case  the  variable 
lay  principle  is  adopted,  and  the  various  cables  differ  solely 
in  the  number  of  pairs,  gauge  of  the  conductors,  and 
consequently  in  the  diameter  of  the  cable  (Figs.  454r-455). 

Air-space  cables,  Qtuidruple  pair  type, — Four  pairs  of 
wires  are  twisted  together  round  a  jute  centre  or  core  and 
the  cable  formed  of  the  required  number  of  these  quadruple 
pairs  (Figs.  450  and  451).  The  lay  of  the  four  pairs  of 
wires  in  each  set  is  varied,  as  also  is  the  lay  of  the  quad- 
ruple cores.  The  advantage  gained  by  this  construction 
lies  in  the  fact  that  telephone  tnmk  line  superimposing  is 
practicable  upon  the  quadruple  pairs,  and  that  the  wires  in 
each  8-wire  core  may  be  combined  to  form  heavy-gauge 
circuits. 

Composite  cables, — The  various  methods  of  arranging 
the  conductors  are  sometimes  utilized  to  provide  for  special 
requirements.  For  instance,  42  wires  of  150  lb.  and  48 
of  100  lb.  gauge  are  combined  to  form  a  cable  in  the 
following  way.  A  central  pair  of  150  lb.  wire  forms  the 
core,  and  around  it  are  placed  four  paper-wrapped  cables, 
the  interstices  being  filled  by  single,  or  as  they  are  termed 
"worming  pairs."  Each  of  the  paper-wrapped  cables 
consists  of  four  quadruple  pair  150  lb.  conductors  with 
four  twin  100  lb.  conductors  filling  the  spaces  between 
the  150  lb.  pairs — the  latter  having  a  large  air  space. 
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Again  cables  are  formed  having  a  core  of  multiple  twin 
or  quadruple  pairs  surroimded  by  screened  conductors  for 
telegraph  circuits.  For  example,  one  such  cable  contains 
8  150  lb.  and  56  1001b.  wires  arranged  in  quadruple  pairs 
together  with  30  100  lb.  and  7  40  lb.  screened  conductors. 
The  centre  is  formed  by  one  150  lb.  quadruple  pair  core 
around  which  are  placed  7  100  lb.  quadruple  pair  cores, 
whilst  the  outside  layer  is  formed  by  the  30 100  lb.  screened 
conductors,  between  which  and  the  100  lb.  quadruple  twin 
cores  are  the  7  40  lb.  conductors. 

Multiple  tvnn  cables. — In  these  cables  the  conductors 
are  first  twisted  in  pairs,  and  two  pairs  are  then  twisted 
together.  A  second  set  of  two  twisted  pail's  is  twisted  with 
the  first  set.  In  some  cases  the  complete  group  is  twisted 
with  a  similar  one.  The  object  attained  is  that  the 
conductors  may  be  bunched  to  provide  a  circuit  of  heavier 
gauge.  For  instance,  with  40  lb.  conductors  the  equivalent 
of  80  lb.  and  160  lb.  is  obtained  by  placing  the  wires  of 
one  and  two  pairs  respectively  in  parallel  to  form  one  wire 
of  the  new  circuit.  The  capacity  is  increased  by  bunching 
but  in  a  smaller  ratio  than  the  resistance  is  reduced,  hence 
the  K.R.  of  the  bunched  circuit  is  less  than  that  of  a  single 
pair.  The  variable  lay  principle  is  adopted  to  prevent 
overhearing,  and  the  length  of  the  lay  is  distinguished  by 
the  colour  of  the  paper  wrappings  over  the  2,  4,  8,  and  16- 
wire  cores,  the  A  and  B  fines  being  distinguished  by  the 
colour  of  tJie  spiral  wrapping  of  thread.  Since  the  con- 
ductors are  all  twisted  up  in  the  manner  described,  the 
bunched  wires  are  still  twisted  together  and  inductive 
disturbances  eliminated.  By  superimposing  it  is  possible 
to  obtain  15  circuits  from  each  16-wire  core. 

Pulling  in  Q-.P.  Cables. 
The  joints  between  successive  lengths  of  gutta-percha- 
covered  cables  are  invariably  made  in  joint  boxes.  Upon 
some  of  the  older  routes  the  boxes  were  buried  beneath  the 
roadway,  and  whenever  it  was  necessary  to  attend  to  the 
wires  the  ground  had  to  be  opened  before  the  chequered 
iron  cover  of  the  box  could  be  raised  to  afford  access 
to  the  wires.  This  proved  somewhat  inconvenient,  and 
consequently  boxes  having  lids  flush  with  the  pavement 
are  now  invariably  employed. 
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The  cable  is  usually  made  up  in  lengths  of  about  400 
yards,  whilst  a  box  is  placed  every  100  yards  along  the 
route.  The  cable  is  taken  to  the  central  box  of  the  section 
into  which  it  is  to  be  drawn,  and  is  placed  in  the  form  of 
an  elliptical  coil  with  a  major  axis  of  eight  feet  and  a  minor 
axis  about  two  feet,  upon  a  clean  tarpaulin  sheet  adjacent 
to  the  box.  One  half  of  the  cable  is  drawn  through  the 
pipes  and  the  nearer  box  (100  yards  distant)  where  it  is 
carefully  coiled  as  before  upon  a  tarpaulin.  The  100  yards 
of  cable  is  then  drawn  into  the  next  section,  whilst  the 
200  yards  at  the  central  box  is  dealt  with  similarly.  The 
procedure  indicated,  whilst  limiting  the  length  of  cable 
pulled  through  the  pipe  at  one  operation  to  100  yards,  at 
the  same  time  necessitates  but  one  joint  every  400  yards. 
As  the  jointing  of  the  cables  is  somewhat  costly,  and  as 
eveiy  joint  is  a  possible  weak  spot  in  the  insulation,  the 
advantages  gained  are  of  serious  moment. 

The  cable  is  pulled  into  the  pipe  by  means  of  the  iron 
wire  w^hich  is  threaded  through  the  pipes  when  laid.  Where 
a  wire  is  not  available,  sweeps*  rods  are  employed  just  as 
described  in  the  section  upon  air-space  cable  work. 


Jointing  G.P.  Wires. 

The  jointing  of  the  w^ires  requires  a  considerable  amount 
of  skill,  and  it  is  necessary  that  the  men  engaged  upon  the 
work  should  receive  a  certain  amount  of  training  before 
undertaking  it.  The  physical  qualifications  i*equired  by 
jointers  are  personal  cleanliness,  patience,  and  care,  but 
as  these  are  the  characteristics  of  the  average  lineman  little 
need  be  said  upon  this  score. 

The  method  of  jointing  two  gutta-percha  covered  wires 
is  as  follows  : — 

1.  The  coverings  of  the  two  wires  are  stripped  off  for  a 
distance  of  2  inches,  and  the  wires  are  scraped  clean 
and  bright. 

2.  The  wires  are  crossed  about  half-an-inch  from  the  end 
of  the  G.P.  covering  and  then  twisted  together  with 
pliers. 

3.  It  is  essential  that  the  two  wires  shall  be  twisted  equally 
so  that  the  joint  may  have  the  minimum  diameter  consistent 
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with  a  tight  and   firm  contact  between  them.     The  twist 
extends  up  to  tbe  points  at  which  the  insulation  begins. 

4.  The  twisted  joint  is  soldered  and  then  shaken  to 
remove  all  superfluous  solder,  care  being  taken  to  leave 
neither  "  tear  drops  "  nor  fine  points  of  solder  upon  the 
conductor. 

5.  The  joint  is  then  cleaned  to  remove  all  traces  of  resin 
or  dirt  and  the  ends  of  the  G.P.  covering  are  also 
cleaned. 

6.  The  G.P.  covering  is  warmed  by  the  flame  from  a  spirit 
lamp  for  a  distance  of  about  2  inches  upon  either  side  of 
the  twisted  joint,  and  is  then  woi'ked  with  the  fingers  until 
the  whole  of  the  joint  is  evenly  covered. 

7.  The  joint  between  the  two  sides  of  the  insulated 
covering  is  again  carefully  worked  over  and  the  joint 
allowed  to  set. 

8.  The  portion  of  the  G.P.  over  the  twisted  joint  is  then 


9  TuMNs  .soLoeneo 
Fio.  456.— G.  P.  joint  (cut  open). 

roughened   with  a  blunt  knife  and    a    thin    coating    of 
Chatterton's  compound  is  applied. 

Chatterton's  compound  is  manufactured  in  sticks,  and 
consists  of  three  parts  gutta-percha  and  one  part  each  of 
resin  and  Stockholm  tar,  the  parts  being  by  weight  and  not 
by  volume.  It  is  dealt  with  in  similar  fashion  to  gutta- 
percha, and  by  gently  warming  it  may  be  made  to  assume  a 
soft  and  plastic  form. 

9.  A  strip  of  G.P.  sheet  1  inch  wide  and  6  inches  in 
length  is  thoroughly  warmed  on  both  sides  and  is  then 
pressed  on  to  the  centre  of  the  joint  and  wound  into  a  coil. 

10.  This  coil  is  then  w^orked  in  both  directions  along  the 
joint  until  it  extends  about  4}^  inches. 

11.  The  points  where  the  new  and  old  G.P.  meet  are 
carefully  warmed  and  worked  again. 

12.  Finally  the  joint  is  smoothed  over  with  wet  and 
soapy  hands. 

A  section  of  a  completed  joint  is  shown  in  Fig.  456. 

In  making  the  joint  care  must  be  taken  not  to  "  nick  " 
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the  wire  when  removing  the  G.P.  covering,  since  this 
invariably  leads  to  a  fracture  when  the  wires  are  handled. 
Also  the  lamp  must  be  very  carefully  applied  in  order  that 
the  gutta-percha  may  be  rendered  plastic  without  any 
trace  of  burning.  By  carefully  working  the  insulation 
together  all  air  is  excluded  and  a  homogeneous  joint  results. 
But  even  then,  the  joint  may  be  bad  owing  to  the  G.P. 
being  unevenly  worked  round  the  wire,  thus  leaving  a  thin 
covering  at  one  point  and  a  correspondingly  hea^y  covering 
opposite.  Decentralization  of  the  conductor,  or  eccentricity 
as  it  is  more  usually  termed,  is  a  fault  which  rarely  occurs 
with  a  well-trained  jointer.  Again,  the  excessive  use  of 
moisture  in  the  final  operation  is  often  productive  of 
trouble,  but,  after  all,  the  various  defects  enumerated  are 
only  what  would  naturally  be  expected  when  skilled  work 
is  entrusted  to  inexperienced  or  unskilled  persons. 

When  a  person  has  been  selected  for  jointing  work  the 
principles  should  be  explained  and  he  should  then  be  set  to 
make  numbers  of  joints  between  odd  pieces  of  wire.  These 
joints  should  be  tested  by  immersing  them  in  water  for  24 
hours,  after  which  they  should  be  tested  with  a  high  voltage. 
Some  of  them  should  be  cut  open  to  see  whether  the 
twisted  joint  is  precisely  in  the  centre  of  the  insulation  and 
to  observe  if  any  air  holes  have  been  left.  It  is  only  when 
the  man  ceases  to  make  any  defective  or  doubtful  joints 
that  he  should  be  permitted  to  undertake  jointing  work 
upon  actual  circuits. 

Renewal  of  G.P.  Cables. 
The  wires  along  any  particular  route  require  occasional 
renewal  and  it  may  also  be  required  to  add  to  their 
number.  Needless  to  say  this  work  must  be  accomplished 
with  the  minimum  amount  of  interruption  to  the  circuits 
working  through  the  wires.  The  opportunity  is  usually 
taken,  when  renewal  becomes  necessary,  to  add  suflScient 
wires  for  the  probable  requirements  of  the  immediate 
future.  Briefly,  the  system  consists  in  cutting  in  each 
new  length  of  cable  into  the  old  cable  and  then  drawing 
the  new  one  in  by  pulling  the  old  one  out.  The  old  cable 
is  then  cut  out,  and  if  discretion  is  exercised  there  is  no 
reason  why  the  interruptions  should  cause  serious  incon- 
venience. 
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It  is  frequently  found  that  cables  which  have  lain  undis- 
turbed for  several  years  are  firmly  attached  to  the  pipe, 
largely  due  to  the  rusting.  The  first  operation  is,  there- 
fore, to  loosen  the  wires  by  pulling  or  twisting  them,  or 
if  this  fails  the  ground  may  be  opened  at  an  intermediate 
point  and  an  attempt  made  upon  the  shortened  sections. 
It  is,  of  course,  essential  that  force,  likely  to  break  the  wires 
and  so  interrupt  the  circuits,  must  not  be  used,  and  here  a 
considerable  amount  of  judgment,  which  can  only  be 
obtained  by  practical  experience,  is  required. 

Having  loosened  the  old  cable,  the  new  length  is  coiled 
upon  a  tarpaulin  at  the  middle  box  and  the  ends  are  bared. 
The  insulation  is  then  removed  from  one  of  the  old  wires 
and  the  two  ends  of  one  of  the  new  wires  are  connected 
upon  either  side,  the  old  wire  is  cut  and  the  two  joints 
completed  in  a  safe  but  temporary  manner  with  either 
G.P.  tissue  or  Chatterton's  compound.  This  operation  is 
repeated  until  the  whole  of  the  circuits  are  working  through 
both  the  old  and  the  new  cable. 

The  joints  are  next  protected  by  a  wrapping  of  canvas, 
after  which  the  new  cable  is  pulled  in  by  drawing  the  old 
one  out  at  the  nearest  boxes  upon  either  side.  The 
operation  is  then  repeated  from  the  end  boxes  in  the 
manner  previously  described  save  that  the  old  cable  takes 
the  place  of  the  draw  wire.  When  this  has  been  done 
the  old  cable  lies  upon  the  pavement  at  the  two  end  boxes, 
and  it  is  then  necessary  to  remove  it  from  the  circuits.  As 
it  is  impracticable  to  trace  the  wires  through  by  hand,  a 
detector  and  battery  are  used  as  follows  : — 

The  junctions  between  the  old  and  new  wires  are  first  of 
all  bared,  but  are  kept  apart  so  as  to  avoid  contacts. 
Similarly  where  the  other  end  of  the  old  cable  joins  that  in 
the  pipes  ahead,  the  insulation  is  stripped  off  for  a  short 
distance.  One  side  of  a  2-cell  dry  battery,  joined  in  series 
with  the  "  quantity  "  (or  low  resistance)  coil  of  a  Q  and  I 
detector,  is  then  joined  to  any  one  of  the  wires  whilst  the 
free  end  of  the  galvanometer  is  connected  to  a  lead  with 
which  each  wire  is  successively  touched,  at  the  junction 
between  the  new  and  the  old  cable,  until  a  full  deflection 
is  observed.  The  two  wires  producing  the  deflection  are 
then  joined  straight  through,  thus  cutting  out  the  old  wire. 
This  operation  is  repeated  until  the  whole  of  the  wires  have 
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been  jointed  through,  and  the  whole  of  the  old  cable  wires 
cut  out.  It  should  perhaps  be  pointed  out  that  the  quantity 
coil  of  the  detector  will  not  produce  a  deflection  with  the 
current  shunted  across  the  ends  of  the  old  cable  and  that 
practically  no  deflection  is  produced  by  the  2-cell  battery 
through  the  earthed  ends  of  any  two  circuits,  whereas  a 
strong  deflection  results  when  the  circuit  is  completed 
through  the  400  yards  of  wire  (about  5")  in  the  old 
cable. 

Since  this  process  entails  momentary  contacts  whilst 
finding  the  corresponding  ends  of  the  old  cable,  this  part 
of  the  work  is  only  done  during  slack  periods  of  the  day 
when  the  interference  with  the  circuits  is  not  of  serious 
consequence. 

Each  wire  is  numbered  in  each  box  so  that  any  particular 
wire  may  be  identified  at  any  point.  This  is  effected  by 
small  leaden  labels,  with  numbers  stamped  upon  them,  bent 
round  so  as  to  encircle  each  wire.  The  wires  in  each 
quadruple  cable  are  also  enclosed  in  split  ferrules  of  lead 
in  order  that  the  relative  positions  of  the  four  wires  may 
be  obsei'vable  even  when  the  taping  has  perished.  This  is 
of  course,  important  in  the  case  of  telephone  circuits, 
since  inductive  disturbances  are  only  obviated  when  each 
pair  of  wires  occupy  diagonal  positions  in  the  cable. 

Should  it  be  necessary  to  identify  any  wire  which  is  not 
numbered  in  the  boxes  the  wire  is  found  with  a  compass, 
and  under  no  circumstances  are  the  wires  pricked,  since  this 
leads  to  faults.  It  is  quite  impossible  to  make  a  perfect  repair 
at  a  point  where  the  insidation  has  been  pierced,  save  by 
baring  the  wire  and  making  a  joint  as  previously  described. 

Numbering  Wires. 

As  it  is  frequently  necessary  to  identify  and  number  the 
wires  at  the  two  ends  of  a  cable  to  correspond  it  will 
probably  be  of  service  to  indicate  precisely  how  this  is 
accomplished.  One  wire  between  the  two  points  is  em- 
ployed as  a  return  path  and  a  galvanometer  is  joined  in  series 
with  it  at  each  end,  whilst  a  2-cell  dry  battery  is  included 
at  one  end.  This  wire  may  be  any  one  of  the  wires  in  the 
cable,  or  it  may  be  dispensed  with  by  earth  connections. 
The  battery  is  connected  to  the  wire  it  is  desired  to  make 
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No.  1,  and  the  man  taps  round  the  wires  until  a  deflection 
shows  that  this  wire  has  been  "found."  He  then  gives 
three  beats  by  breaking  and  making  the  connection  three 
times,  after  which  the  wire  is  held  on  until  the  man  at  the 
distant  end  has  replied  with  three  beats.  Both  then  label 
the  wire  No.  1,  and  the  battery  is  joined  to  the  second  wire, 
and  the  process  is  repeated  until  the  whole  of  the  wires 
have  been  numbered. 

Cable  Lengths. 

It  is  economical  to  manufacture  lead-covered  cables  in 
long  lengths,  but  the  length  which  may  safely  be  placed 
upon  a  drum  for  transportation  should  not  be  such  as  to 
cause  the  weight  of  the  filled  drum  to  exceed  three  tons. 
When  this  limit  is  passed  the  weight  of  the  drum  is  likely 
to  damage  the  paving  along  which  it  may  have  to  be  rolled. 
The  length  of  cable  which  may  be  pulled  into  the  pipes  in 
one  operation  depends  upon  the  weight  of  the  cable  per  unit 
length,  its  diameter,  and  also  upon  the  character  of  the 
route.  Where  the  route  is  either  straight  or  the  curvature 
slight,  from  100  yards  with  large  to  250  yards  with  small 
cables  m^  be  safely  pulled  in  in  a  continuous  length. 
For  instance,  a  ^  (t.  e.  a  14  wire  20  lb.  conductor)  cable, 
diameter  ^V  iii^*h  and  weight  per  yard  3*16  lbs.  would  be 
pulled  in  in  lengths  of  222  yards  or  more,  whilst  a  \^ 
diameter  2'85  inches  and  weight  27*4  lbs.  per  yard  could 
only  safely  be  pulled  in  in  lengths  of  152  yards. 

PcLLiNG  IN  Lead-covered  Cables. 

It  will  now  be  possible  to  follow  the  various  operations 
involved  in  pulling  in  the  successive  lengths  of  lead- 
covered  cables. 

When  a  draw  wire  has  been  provided,  as  explained  on 
page  744,  this  is  used  for  pulling  in  the  rope.  If  there  is  no 
draw  wire  sweeps*  rods  of  special  construction  are  pushed 
through  the  pipe.  These  rods  are  of  bamboo,  and  are 
provided  with  a  screwed  brass  socket  and  trigger  at  one 
end  and  with  suitable  screwed  fitting  at  the  other.  A  rod 
is  passed  into  the  pipe,  and  a  second  length  screwed  on, 
and  automatically  locked  by  the  spring  trigger  which 
prevents  the  rods  from  unscrewing  whilst  being  pushed 
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through  the  pipe.  As  each  rod  is  pushed  up  the  pipe 
another  is  added,  until  finally  the  two  jointing  chambers 
are  linked  by  a  continuous  length  of  rods.  The  rope  is 
next  attached  and  pulled  through  by  withdrawing  the 
rods. 

It  will,  of  course,  be  obvious  that  in  these,  as  in  the 
subsequent  operations,  it  is  necessary  to  rail  off  a  suitable 
space  for  carrying  out  the  work  in  order  that  pedestrians 
may  neither  impede  it  nor  may  they  run  any  risk  of  injury. 
Wliere  holes  are  left  the  guards  must  be  supplemented  by 
lamps  at  night. 

The  next  operation  has  for  its  object  the  cleaning  and 
testing  of  the  pipe  into  which  the  cables  are  to  be  drawn. 
The  rope  is  joined  to  a  mandrel,  a  circular  brush  about  12 
inches  long  and  a  piece  of  cable  roughly  3  feet  in  length, 
and  of  a  diameter  very  slightly  less  than  that  of  the  pipe. 
For  example,  with  a  3-inch  pipe  a  length  of  W  cable 
would  probably  be  used.  This  piece  of  cable  is  painted 
over,  and  the  whole  train  followed  by  a  second  length  of 
rope  is  pulled  through  the  section.  The  test  cable  is  care- 
fully examined  for  any  trace  of  damage,  and  when  this 
occurs  the  defect  is,  of  course,  remedied  before  the  new 
cable  is  pulled  in.  The  position  of  this  defect  ts  usually 
apparent  fi-om  the  extra  stress  which  has  to  be  exerted  to 
pull  the  test  cable  and  mandrel  past  it. 

The  rope  used  for  pulling  in  the  cable  is  usually  of  the 
3-inch  size  (i.e.  the  circumference  is  3  inches),  and  has  a 
breaking  stress  of  about  35  cwts,  which  ensures  that  it 
may  with  safety  be  used  in  all  cases  in  which  the  stress 
does  not  exceed  7  or  8  cwts. 

The  drum  containing  the  length  of  cable  is  conveyed 
upon  a  low  wagon  or  "  float "  to  the  box  from  which  it  is 
to  be  paid  into  the  pipe.  The  battens  are  removed,  the 
drum  rolled  into  position,  and  a  steel  spindle  passed 
through  the  holes  in  the  centre.  It  is  then  raised  upon 
lifting-jacks  sufficiently  to  permit  it  to  revolve  freely.  ITie 
manufacturers  usually  seal  the  cable  by  soldering  circular 
discs  of  lead  to  the  ends,  and  as  this  is  scarcely  calculated 
to  withstand  the  stress  placed  upon  it  by  the  clip,  it  is 
advisable  to  remove  it  and  make  up  the  end  in  a  stronger 
manner.  When  this  has  been  done  the  clip  is  fixed  on  to 
the  cable. 
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Before  proceeding  further,  it  should  be 
explained  that  two  forms  of  clip  are  in  use. 
The  older  form  consists  of  two  semicircular 
plates  united  by  a  stout  loop.  This  is 
placed  over  the  end  of  the  cable,  to  which 
it  is  secured  by  screws  driven  through  the 
cable  and  tightly  screwed  up  between  the 
sides  of  the  clip,  so  as  to  grip  the  cable.  In 
order  to  ensure  that  the  screwholes  shall 
not  admit  moisture  the  end  of  the  cable 
(with  the  clip  affixed)  is  dipped  into  melted 
paraffin  wax  and  is  allowed  to  remain  im- 
mersed sufficiently  long  for  the  interstices 
to  become  thoroughly  filled  up  and  more 
or  less  impervious  to  moisture.  When  this 
operation  has  been  carefully  performed  it 
will  be  found  that,  when  the  end  is  finally 
cut  off  and  opened,  the  end  of  the  cable  is 
thoroughly  impregnated  with  wax. 

The  second  and  more  modem  type  of 
clip,  illustrated  in  Fig.  457,  is  termed  a 
"  cable  grip,"  and  is  constructed  upon  the 
principle  of  a  well-known  puzzle  toy.  The 
lead  sheathing  at  the  end  of  the  cable  is 
beaten  down  on  to  the  conductors  with 
a  boxwood  dresser  so  as  to  prevent  the 
lead  sheathing  from  taking  the  whole  of 
the  stresses  which  result  during  the 
pulling-in  process.  The  grip  is  passed 
over  the  prepared  end  of  the  cable  to  which 
it  is  lashed  as  indicated.  The  effect  of 
stress  applied  to  the  loop  is  merely  to 
tighten  the  grip  of  the  latticed  wires  upon 
the  cable.  In  this  way  the  need  for  cutting 
away  the  waxed  end,  which  is  also  damaged 
by  the  clip  screws,  is  obviated,  and  the 
saving  of  even  a  foot  of  cable  at  either  end 
of  each  length  represents  a  considerable 
sum  of  money  where  long  lengths  of  large 
cable  are  concerned.  A  suitable  form  of 
sleeve  has  recently  been  designed  for  pro- 
Fia.  467.-<3abie  grip,    tecting    the    wire    cable   grip,  which  is 
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naturally  subject  to  considerable  wear  by  friction  with  the 
pipes  through  which  it  is  pulled. 

The  clip,  having  been  attached  to  the  cable,  is  joined  to 
the  pulling-in  rope  by  means  of  a  Keystone  connecting 
link  (Figs.  458  and  459)  connecting  the  loop  of  the  clip 
and  the  ring  upon  the  rope. 

Whilst  these  preparations  are  being  made  the  winch  is 
placed  in  position  and  the  rope  given  three  or  four  turns 
round  the  barrel.  Where  the  pulling  in  is  done  from  a 
manhole  a  snatchblock  attached  to  the  rings  in  the  floor 


Fio.  458.— Connecting  link,  open. 


FiQ.  459.— GonnecUikg  link, 
closed. 


(see  Fig.  460)  is  placed  upon  the  rope  to  prevent  chafing 
upon  the  edge  of  the  pipe  and  manhole  entrance.  In  Fig. 
460,  a  winch  worked  by  a  small  water-cooled  petrol  motor 
has  been  shown,  but  this  arrangement  has  not  so  far  come 
into  use  in  this  country,  although  motor  winches  are  quite 
commonly  used  in  America. 

The  drum  is  now  twisted  and  the  cable  bent  into  a  curve 
of  wide  radius,  and  the  end  placed  within  the  pipe,  the 
slack  rope  being  taken  up  from  the  distant  end.  The 
actual  pulling  in  of  the  cable  now  commences,  and  with 
large  cables  four  men  are  required  for  turning  the  winch. 
Men  are  deputed  to  carefully  revolve  the  drum  and  bend 
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the  cable  so  that  it  enters  the  pipe  without  injury  to  the 
sheathing. 

In  all  these  operations  the  guiding  principle  is  to  deal 
with  cable  just  as  though  it  were  a  hollow  tube  of  lead. 

As  the  cable  passes  into  the  pipe  it  is  heavily  anointed 
with  petroleum  jelly,  which  acts  as  a  lubricant,  thus  reduc- 
ing the  friction  between  the  cable  and  the  pipe.  Since  the 
clip  end  of  the  cable  has  to  be  drawn  through  the  whole 
length  of  the  pipe,  whilst  the  last  yard  of  cable  is  only 
drawn  through  one  yard  of  pipe,  the  quantity  of  petroleiim 
jelly  spread  upon  the  cable  is  gradually  reduced  as  the 
pulling  in  proceeds. 

When  the  cable  has  been  pulled  in  as  far  as  possible,  i,  e, 
when  the  end  of  the  rope  reaches  the  snatchblock,  the 
length  of  cable  projecting  from  the  pipe  is  usually  insuflS- 
cient  to  admit  of  jointing  and  it  is  therefore  necessary  to 
remove  the  clip  and  obtain  a  fresh  purchase  upon  the  cable. 
This  was  formerly  accomplished  by  lashing  the  pulling 
rope  to  the  cable  as  near  to  the  pipe  as  possible,  but  an 
open-ended  racking  grip  is  now  used  for  the  purpose.  This 
grip  is  of  the  same  general  pattern  as  that  previously  illus- 
trated, but  the  wires  teiminate  in  two  side  loops.  The 
pulling-in  grip  is  removed  and  the  racking  grip  is  then 
passed  over  the  end  of  the  cable,  the  two  loops  connected 
by  a  bolt,  and  attached  to  the  pulling  rope.  In  this  way 
the^  extra  yard  or  so  of  cable  may  readily  be  obtained,  it 
sometimes  being  necessary  to  move  the  grip  back  once  or 
twice  to  obtain  the  requisite  length  of  cable  in  the  jointing 
chamber. 

After  the  cable  has  been  pulled  in,  the  clip  is  removed, 
and  when  of  the  old  type  in  which  the  cable  is  pierced, 
this  end  is  cut  away  and  the  cable  "re-sealed. 

When  the  cable  has  to  be  pulled  into  joint  boxes  a 
snatch  block  or  pulley  is  securely  lashed  to  a  balk  of  wood 
placed  at  the  bottom  of  the  box  and  wedged  in  position  by 
timber  placed  along  the  floor  of  the  box  and  held  down  by 
two  upright  pieces  of  wood  bearing  upon  the  two  planks 
placed  over  the  box  to  carry  the  winch.  If  this  arrange- 
ment were  not  made  it  would  be  necessary  to  remove  the 
box,  open  out  the  ground,  and  back-stay  the  winch  in  order 
to  avoid  a  hea^y  upward  pull  upon  the  pipe. 

In  arranging  the  length  of  the  cable  drawn  in,  provision 
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must  be  made  for  the  end  damaged  by  the  clip,  and  for  a 
sufficient  overlap  for  jointing.  Usually  one  per  cent,  above 
the  centre  to  centre  mileage  is  an  ample  provision. 

Other  considerations  being  equal,  it  is  preferable  to  pull 
the  cable  in  in  the  direction  in  which  the  pipes  are  laid,  i.  e. 
in  the  direction  of  spigot  to  socket,  since  there  is  thus  no 
chance  of  the  clip  wedging  against  the  spigots. 

Where  there  is  a  curve  in  the  route  the  cable  should  be 
pulled  in  from  the  end  nearest  to  the  curve,  since  the 
shortest  possible  length  of  cable  is  thereby  pulled  round 
the  curve.  Again,  it  obviously  requires  less  force  to  pull  a 
cable  through  a  pipe  having  a  downward*  gradient  than  to 
pull  it  upwards. 

It  is  always  desirable  to  pull  the  various  cables  in  in  the 
same  direction,  so  that  the  direction  of  the  lay  may  be  the 
same  upon  both  sides  of  each  joint. 

Jointing  Lead-covered  Cablks. 

A  gothic-shaped  tent,  consisting  of  canvas  mounted  upon 
a  wooden  frame,  is  erected  over  the  box  or  hole  in  the 
ground  where  the  joint  is  to  be  made,  and  in  order  to  avoid 
any  risk  of  fire,  the  spirit  lamp  used  for  soldering,  etc.  is 
held  in  position  by  springs  and  is  surrounded  by  a  metal 
shield  which  is  secured  to  the  tent.  In  the  case  of  roadway 
manholes  a  circular  guard  is  placed  round  the  entrance, 
and,  as  a  further  precaution,  a  man  is  stationed  by  it 
during  the  whole  of  the  time  that  it  is  open.  Similar 
remarks  apply  to  the  execution  of  work  of  every  description. 

The  cables  are  cut  so  as  to  leave  the  amount  of  overlap 
required  for  the  joint.  This  varies  from  10"  with  very 
small,  to  2',  or  even  more,  with  large  cables.  For  instance, 
a  i^  cable  would  require  10",  a  iJ,  15",  and  VV,  24". 
First  of  all,  the  surplus  length  of  cable  is  cut  away  and  then 
the  sheathing  is  cut  rather  more  than  halfway  through  by 
means  of  a  knife,  and  a  longitudinal  cut  from  the  end  of  the 
cable  to  the  point  at  which  the  sheathing  is  to  be  removed 
is  made.  It  is  then  torn  away  with  the  aid  of  a  pair  of 
pliers.  The  effect  of  this  procedure  is  to  form  a  bevelled 
edge  upon  the  inner  edge  of  the  sheathing.  This  leaves 
the  conductors  upon  each  side  exposed  and  of  sufficient 
length  to  reach  to  the  point  at  which  the  lead  sheathing 
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ends  upon  the  opposite  cable.  A  lead  sleeve  of  the  requisite 
length  and  diameter  is  then  passed  over  one  end  of  the 
cable  and  pushed  up  the  pipe  so  as  not  to  impede  the 
operations  now  to  be  described.  In  each  cable  the  wires 
are  separated,  tied  up  in  half  layers  and  bent  up  at  right 
angles  to  the  cable.  The  jointing  of  the  conductors  then 
commences,  starting  with  the  lower  wires  in  outer  layer, 
then  the  lower  wires  in  the  next  layer,  and  so  on  until  the 
lower  half  has  been  dealt  with.  The  upper  wires  are  next 
jointed,  but  this  time  working  from  the  centre  outwards. 

The  method  of  jointing  varies  with  the  type  of  cable, 
and  two  illustrations  typical  of  the  rest  will  be  given : — 
Firstly,  a  multiple  twin  cable,  with  conductors  of  70  lb., 
100  lb.,  150  lb.,  or  200  lb.  gauge,  in  which  each  wire  is 
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Pio.  461.— Method  of  jointing  100  lb.  conductor  cables. 

loosely  but  completely  enclosed  within  a  paper  covering 
served  with  a  wrapping  of  thread,  having  a  long  lay. 
Secondly,  a  multiple  twin  cable,  with  40  lb.  conductors. 
In  the  first  case  the  spiral  wrapping  of  paper  which 
encloses  both  wires  is  tied  and  removed  to  that  point ; 
the  two  wires  to  be  jointed  are  cut  so  that  the  conductors 
just  reach  each  other,  but  the  cut  is  made  at  slightly 
different  points  in  the  two  wires.  The  paper  is  removed 
for  a  distance  of  3"  on  one  side  and  1"  on  the  other,  and 
tied  with  linen  thread,  and  a  paper  sleeve  slipped  over 
each.  The  ends  of  the  wires  are  cleaned  with  glass 
paper,  and  split  jointing  sleeve  of  tinned  copper  placed 
over  the  two  abutting  conductors  and  soldered  with 
resin  as  a  flux.  The  second  wire  is  then  dealt  with  in 
similar  feshion,  the  paper  sleeves  slipped  over  die  conductor 
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joints,  tied,  and  finally  a  spiral  wrapping  of  paper  completes 
the  joint  of  the  pair  (Fig.  461). 

With  40  lb.  conductors  the  wires  are  cut,  a  paper  sleeve 
passed  over  each  wire,  and  then  the  conductor  joint  is 
made  as  indicated,  being  tipped  with  solder,  and  bent  into 
line  with  the  cable.  The  paper  sleeves  are  pushed  over  and 
tied,  thus  completing  the  joint,  as  illustrated  in  Fig.  462. 

In  jointing  20  lb.  conductors  the  two  wires  should  be 
given  three  or  four  twists  in  a  length  of  i"  with  the  paper 
insulation  intact  upon  both  wires.  At  the  end  of  this  pre- 
liminary twist  the  paper  is  removed,  the  conductors  cleaned, 
twisted,  and  the  surplus  wire  cut  away,  leaving  1|"  of 
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Fio.  462.— Method  of  Jointing  40  lb.  oondncton. 

twisted  conductors.  This  twisted  joint  should  be  made 
without  the  aid  of  pliers  since  possible  injury  to  the  con- 
ductors is  thereby  avoided  ;  a  skilled  jointer  is  able  to  make 
the  joint  with  ample  tightness  and  security,  and  the  practice 
of  giving  the  joint  a  final  twist  with  the  pliers  is  to  be 
strongly  deprecated.  The  same  method  of  jointing  maybe 
applied  to  40  lb.  conductors,  but  in  this  case  larger  paper 
sleeves  must  be  used. 

In  all  the  later  types  of  twisted  cable  the  length  of  the 
lay  is  indicated  by  the  colour  of  the  paper  wrapping  which 
encloses  each  2,  4,  8,  or  16-wire  core  as  the  case  may  be, 
the  A  and  B  wires  of  each  pair  being  distinguished  by  the 
colour  (red  for  A  and  white  for  B)  of  the  spiral  wrapping 
of  thread  upon  each  single  wire  core. 

3E 
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Consideration  will  show  that  if  the  whole  of  the  con- 
ductor joints  are  made  at  one  point,  the  resulting  joint  will 
be  of  an  extremely  bulky  description,  and  that  the  sleeve 
would  take  the  form  of  a  spheroid.  This  is,  however,  readily 
obviated  by  carefully  spacing  the  joints,  and,  generally 
speaking,  the  diameter  of  the  final  paper  wrapping  does 
not  greatly  exceed  that  of  the  lead  sheathing  of  the  cable 
itself. 

In  some  cables  there  is  no  serving  of  thread  over  each 
single  wire,  but  the  method  of  jointing  is  scarcely  affected 
by  this  variation.  It  is,  of  course,  essential  that  great  care 
should  be  taken  to  join  each  pair  of  wires  through  to 
another  twisted  pair,  since  the  residt  of  a  mistake  is  to 
destroy  the  advantage  of  the  twist. 

In  variable  lay  cables  some  other  precautions  must  be 
taken,  for  instance,  in  the  multiple  twin  type,  pairs  having 
similarly  coloured  paper  wrappings  (signifying  equality  of 
lay)  must  not  be  jointed  together  nor  must  the  pairs  in  one 
core  upon  one  side  be  jointed  to  pairs  in  different  cores 
upon  the  other  side.  These  precautions  prevent  the  differ- 
ences in  the  length  of  the  lay  from  affecting  the  resistance 
of  the  wires,  whilst  mixing  the  wires  in  the  various  cores 
would  of  course  destroy  the  advantages  gained  by  this  foi-m 
of  construction.  With  quadruple  pair  cables  similar  pre- 
cautions have  to  be  observed,  and  where  there  are  small 
gauge  parallel  worming  pairs  they  must  be  crossed  at  each 
joint.  As,  however,  these  cables  are  exclusively  used  for 
telephone  circuits  further  comment  is  scarcely  justified  in 
the  present  volume. 

The  paper  sleeves  are  placed  within  a  circular  tin  box 
resting  within  a  bucket  which  is  warmed  by  the  flame  of  a 
spirit-lamp  placed  beneath  it.  This  ensures  that  the  sleeves 
shall  be  perfectly  dry,  since  the  bucket,  etc.,  is  kept  under 
cover  within  the  tent  or  manhole.  When  the  last  joint  has 
been  made  the  wires  are  thoroughly  dried  with  a  charcoal 
brazier,  or,  where  the  confined  space  would  cause  the  fumes 
to  be  felt,  hot  powdered  quicklime  may  be  laid  over  the  con- 
ductors. The  test  for  dryness  consists  in  holding  a  cold 
mirror  upon  the  joint,  which  is  not  suflSciently  dry  until 
not  a  trace  of  moisture  is  observable  on  the  glass. 

The  joint  is  then  spirally  wrapped  with  paper,  but  a  hole 
is  cut  at  the  point  below  the  air-nozzle  upon  the  lead  sleeve. 
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The  lead  sleeve  is  next  pulled  over  the  joint,  and  is  secured 
to  the  sheathing  upon  either  side  by  plumbers*  wiped  joints 
(Fig.  463).  Incidentally  it  may  be  remarked  that  con- 
siderable skill  and  some  experience  is  needed  in  this  opera- 
tion. The  copper  wires  within  the  cable  conduct  the  heat 
of  the  metal  away  somewhat  rapidly,  and  there  is  therefore 
a  risk  of  a  defective  joint.  The  "  wipe  "  should  be  quite 
uniform  and  without  any  trace  of  eccentricity,  and,  of 
course,  perfectly  homogeneous.*  The  heat  applied  during 
the  "  wiping "  usually  expels  any  remaining  traces  of 
moisture  through  the  open  air-nozzle. 

Joint  Testing  and  Dry-air  Plant. 

The  wiped  joint  is  tested  by  means  of  a  portable  desiccator 
mounted  upon  a  truck.  It  comprises  an  air-pump  worked 
by  a  suitable  handle  or  in  some  cases  by  a  small  petrol 
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Fig.  46S.— Completed  Joint. 

motor.  This  draws  air  from  the  atmosphere,  and  finally 
pumps  it  through  cylinders  containing  calcium  chloride 
into  the  cable  which  is  connected  to  it  by  means  of  a  length 
of  flexible  tubing  screwed  on  to  the  air-nozzle.  The  joint 
is  smeared  with  soapsuds  or  glycerine,  and  the  pump  is 
worked  until  a  pressure  of  20  lbs.  to  the  square  inch  is 
indicated  upon  the  gauge.  The  joint  is  meantime  closely 
examined  for  any  trace  of  air-bubbles,  the  presence  of 
which  would  indicate  a  defect  in  the  wipe.  This  test  is  a 
severe  one,  and  it  may  be  said  that  a  defective  joint  cannot 
possibly  be  overlooked.  The  opening  of  the  air-nozzle  is 
next  closed  by  soldering  on  a  tinned  disc,  and  finally 
screwing  the  air-nozzle  cap  on,  so  completing  the  joint. 

In  every  case  in  which  the  cable  has  been  subjected  to  ex- 
ceptional stress  whilst  being  drawn  in,  or  where  there  is 
evidence  to  show  that  the  lead  sheathing  has  drawn,  a  test 
is  made  to  ascertain  that  the  lead  is  unfractured.  The 
pressure  is  worked  up  to  20  lbs.  per  square  inch  and  the 
pressure  gauge  carefully  watched  to  see  that,  after  pumping 
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has  ceased,  the  pressure  does  not  fall.  It  may  be  mentioned 
that  where  the  Post  OflSce  provides  cables  for  the  National 
Telephone  Company  the  latter  test  the  length  of  cable  by 
means  of  a  desiccator.  The  pressure  is  raised  to  20  lbs. 
throughout  the  cable  as  shown  by  the  pressure  gauges  at 
each  end.  The  cable  is  then  left  for  twenty-four  hours  and 
unless  the  pressure  is  then  at  least  18  lbs.  the  cable  is 
considered  defective  and  the  source  of  leakage  traced. 

A  defect  in  the  sheathing* would  be  indicated  by  a  leak 
which  occurred  whilst  the  whole  of  the  joints  had  been  found 
to  be  perfect.  By  successively  cla)ring  up  the  space  between 
the  cable  and  the  pipe  at  both  ends  of  each  section  and  by 
making  a  pin-hole  through  one  side  of  the  clay  and  covering 
it  with  glycerine  or  soap-suds  the  section  in  which  the  fault 
exists  will  be  made  apparent  by  the  leakage  of  the  air, 
pumped  into  the  cable,  through  the  pinhole  in  the  clay. 

If  the  joint  test  is  made  by  filling  the  cable  to  a  pressure 
of  20  lbs.  and  successively  examining  the  various  joints,  any 
leakage  will  be  shown  by  a  fall  of  pressure. 

The  advantage  of  the  dry-air  plant  lies  not  only  in  joint 
testing,  but  also  in  the  fact  that  any  trace  of  moisture  may 
be  expeUed  by  pumping  dry  air  through  the  cable.  This 
is  the  object  of  the  calcium  chloride,  which  is  liighly  hygro- 
scopic, and  serves  to  remove  every  trace  of  moisture  from 
the  air  which  passes  over  it.  Of  course,  it  is  necessary  to 
occasionally  renew  the  calcium  chloride,  but  this  is  requisite 
less  frequently  than  would  be  expected. 

When  desiccating  a  cable  it  is  best  to  restrict  the  rate  at 
which  the  air  passes  through  the  cable,  and  this  may  readily 
be  accomplished  by  fixing  an  escape  valve  to  the  air  nozzle 
at  the  end  of  the  section  and  setting  it  to  blow  at  8  lbs.  It 
is  preferable  to  place  the  desiccator  in  the  centre  of  the 
section  to  be  dealt  with  and  to  blow  each  way  rather  than 
to  place  it  at  one  end.  All  cable  heads  are  provided  with  a 
gas  plug,  by  removing  which  and  coupling  up  an  escape 
valve  the  process  of  desiccation  may  be  carried  out. 

At  many  of  the  larger  oflSces,  and  at  all  London  telephone 
exchanges,  a  motor-driven  dry-air  plant  is  permanently 
installed.  A  view  of  such  a  plant  is  shown  in  Fig.  464, 
from  which  it  wiU  be  observed  that  the  air  is  passed  through 
a  container  and  finally  through  the  cylinders  on  its  way  to 
the  cables.    The  duplex  compressor  or  pump  is  driven  by 
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a  2  n.P.  motor,  mounted  upon  the  bed  plate.  Escape  or 
safety  valves  set  to  blow  at  20  lbs.  are  provided  both  upon 
the  motor  and  the  container,  which  latter  also  carries  a 
pressure  gauge.  The  desiccator  consists  of  five  cylinders 
within  each  of  which  is  placed  a  muslin  bag  containing  the 
calcium  chloride.  In  large  telephone  exchanges  the  dry-air 
supply  is  permanently  connected  to  every  cable,  a  tap  being 
interposed  upon  the  branch  pipe. 

Electrical  Tests  during  Construction. 

The  cable  is  subjected  to  a  series  of  electrical  tests  after 
eac^h  joint  has  been  completed,  the  objects  gained  being  to 
prove  (1)  that  the  insulation  of  the  wires  is  maintained,  (2) 
that  contacts  and  disconnections  do  not  exist,  and  (3)  that 
the  wires  have  been  correctly  jointed  ;  for  example,  with  a 
twin  wire  cable  it  is  essential  to  prove  that  the  two  wires  of 
each  twisted  pair  are  jointed  through  to  the  two  wires  of 
a  twisted  pair,  i.  e.  to  ensure  the  two  wires  foiming  a  pair 
are  twisted  together  throughout  tlie  length  of  the  cable. 

These  tests  may  be  readily  made  if  the  cable  is  first 
jointed  to  the  cable  connection-box  at  the  office  from  which 
it  proceeds.  Lengths  of  india-rubber-covered  wire  are 
soldered  to  **  insulated  pin-connectors  "  which  serve  to  con- 
nect the  leads  to  the  pins  in  the  cable  connection-box.  The 
other  ends  of  these  leads  are  passed  through  holes  in  a 
board  and  the  ends  bared.  By  arranging  the  wires  which 
may  be  tested  together  in  rows  and  by  furnishing  a  ter- 
minal for  each  ro^v  the  actual  tests  are  greatly  facilitated. 
The  bared  ends  of  the  leads  are  connected  with  very  fine 
tinned  copper  wire  (No.  30)  in  rows  to  the  terminals  which 
are  normally  earthed.  To  test  any  particular  group  the 
fine  wire  is  taken  from  the  tenninal  and  connected  to  the 
testing  lead  whilst  leaving  the  remaining  wires  to  earth. 
It  should  be  pointed  out  that  the  board  should  be  perfectly 
dry  and  that  there  should  be  no  leakage  upon  the  testing 
leads.  Where  such  leakages  exist  they  will  usually  be 
found  to  occur  at  the  surfaces  of  the  bared  ends  of  the 
various  leads. 

When  the  first  joint  has  been  made,  the  lead  covering  at 
the  end  of  the  cable  is  removed  and  the  wires  carefully 
separated,  and,  if  necessary,  all  traces  of  moisture  removed 
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by  means  of  braziers.  The  insulation  test  is  then  made  as 
indicated  above.  The  cable  is  tested  as  each  joint  is  com- 
pleted, and  any  defect  is  therefore  discovered  with  prompti- 
tude and  certainty.  The  minimum  insulation  resistance 
during  construction  may  be  as  high  as  5000  megohms  per 
mile — a  value  which  is  only  attained  when  scrupulous  care 
as  to  dryness  is  observed. 

The  test  for  continuity  and  correct  jointing  is  usually 
made  by  exchanging  "  beats "  upon  detectors,  thereby 
ensuring  that  the  wires  have  been  correctly  paired,  and 
also  that  pairs  have  not  been  crossed  between  the  various 
layers.  It  is,  of  course,  quite  possible  to  cross  a  pair  in, 
say,  the  outside  with  one  in  the  next  layer,  but  at  the  sub- 
sequent joint  these  two  pairs  may  be  at  opposite  sides  of 
the  cable. 

Of  course,  a  trembler  bell  might  be  used  instead  of  a 
detector,  so  substituting  an  audible  for  a  visual  signal. 

With  short  lengths  of  cables  containing  a  very  large 
number  of  w^ires  the  systematic  tests  described  are  scarcely 
practicable  owing  to  the  time  occupied.  It  will,  therefore, 
usually  suffice  to  make  a  single  set  of  tests  upon  completion 
of  the  work,  or,  if  desired,  the  joints  may  be  made  and 
tested  in  sets  of  three.  The  following  procedure  is,  however, 
to  be  preferred  :  The  wires  are  looped  in  pairs  at  the  cable 
connection-box  or  test-frame,  and  the  jointer  may  then  prove 
his  own  pairs  or  the  work  may  be  done  by  a  foreman.  The 
insulation  test  is  taken  after  each  set  of  three  consecutive 
joints  has  been  made.  A  fairly  reliable  rough  test  may  be 
made  by  occasionally  testing  a  few  of  the  wires  in  the  outer 
layer. 

It  is  generally  of  considerable  advantage  to  provide  a 
means  of  communication  with  the  jointer,  and  this  is  done 
by  furnishing  him  with  a  portable  telephone  for  connection 
to  one  of  the  pairs. 

The  maintenance  testing  of  a  working  cable  is  accom- 
plished by  taking  out  one  pair  of  wires  upon  the  outside 
layer  and  specially  connecting  them  with  rubber-covered 
wires,  so  that  there  is  no  leakage  upon  the  leads.  The 
periodical  tests  of  these  wires  are  usually  a  sufficient  index 
to  the  insulation  of  the  cable.  It  would  scarcely  be  prac- 
ticable to  make  the  series  of  tests  already  described  without 
causing  serious  delay  to  the  traffic,  or  without  a  considerable 
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amount  of  Sunday  work,  both  of  whicli  courses  are  equally 
objectionable. 

Cable  Connection  Boxes. 

A  cable  connection  box  fitted  to  receive  the  two  sides  of 
a  54  wire  cable  such  as  is  used  in  pillar  test  boxes,  is 

illustrated  in  Figs.  465, 
466  and  467.  It  consists 
of  a  cast-iron  box  with 
two  lids  divided  by  a  cen- 
tral diaphragm,  through 
which  pins,  insulated 
with  ebonite,  are  fixed,  so 
as  to  be  perfectly  airtight, 
whilst  affording  electrical 
connections  between  the 
two  compartments.  The 
two  cables  are  passed 
through  the  gim-metal 
linings  and  plumbers' 
wiped  joints  are  made 
between  the  sheathings 
and  the  linings.  •  The 
lead  is  stripped  off  the 
lengths  of  cable  within 
the  box,  and  the  wires  are 
soldered  to  the  connection 
pins.  When  this  has 
been  done  the  wires  are 
thoroughly  dried  by  means 
of  braziers,  and  the  lid 
fixed  by  nuts  and  bolts, 
the  design  of  the  lid  and 
the  linings  being  such  as 
to  secure  a  perfectly  air- 
tight joint.  The  two  cables  are  connected  by  short  lengths 
of  insulated  wire  soldered  between  the  pins  of  each  cable 
upon  the  other  side  of  the  diaphragm.  This  compartment 
is  then  closed  by  a  similar  lid  to  that  used  upon  the  cable 
side.  In  order  to  make  tests  or  effect  crosses  the  cable  side 
of  the  box  need  not  be  interfered  with,  since  the  short 
lengths  of  insulated  wire  upon  the  other,  or  cross-connection 


Fia.  4S5.— Back  view  of  cable  connection  box 
with  lid  removed. 
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side  of  the  diaphragm  may  be  manipulated  as  required.     A 
f"  gas  plug  is  added,  so  that  dry  air  apparatus  may  be  con- 


Fio.  460.— A  vertical  section  of  the  box  from  fh>nt  to  back. 


nected  or  an  escape  provided  when  it  is  only  necessary  to 
pump  through  one  cable 
from  a  distant  point.  The 
latest  pattern  of  box  is 
arranged  for  attachment  to 
a  wall  by  means  of  Lewis 
bolts ;  thus  making  it  pos- 
sible to  readily  remove 
either  lid.  The  older  pattern 
is,  however,  still  used  in 
pillar  test  boxes. 

It  may  now  be  explained 
that  the  wires  in  an  ordinary 
twin,  quadruple  pair,  or 
multiple  pair  air  -  space 
cable  are  numbered  in  pairs, 
and  that  the  two  wires  of 
each  pair  are  distinguished 
as  the  A  and  B  lines — a  convention  which  owes  its  origin 
to  telephonic  requirements.  The  wires  of  screened  single- 
conductor  cables  are,  however,  numbered  individually. 


Fig  467.— A  horizontal  section  of  the  box. 
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Each  cable  is  terminated  with  a  single  solid  plug,  having 
a  number  of  2-wire  lead  cables  equal  to  the  number  of 
pairs  in  the  cable.  The  joints  between  the  single  solids 
are  then  made  in  the  ordinary  way,  and  a  small  lead  sleeve 
soldered  over  each  joint. 

2.  It  is  required  to  provide  access  at  a  particular  box  to 
every  pair  of  wires  in  a  27-pair  cable. 

In  this  case  a  double  solid  plug,  consisting  of  a  length 
of  27  2-pair  cables  embedded  in  two  lead  castings,  is 
required.  The  cable  is  connected  upon  each  side  and 
the  joints  completed  as  described  in  the  case  of  the  single 
solid  joint.  As  each  wire  is  numbered  by  means  of  a  lead 
label,  the  requirements  laid  down  have  been  fully  met 
(see  Fig.  469). 

It  will  be  obvious  that  any  Avire  may  be  looped  into  an 


Fio.  469.— Double  solid  plug  joint. 

office  for  intei-mediate  working,  or  that  a  wire  or  wires  may 
be  led  into  the  office  to  connect  up  its  instruments. 

3.  A  cable  consists  of  n^  pairs  of  wires,  and  7?2  single 
screened  conductors  for  telegraph  circuits.  It  is  required 
to  lead  off  certain  of  the  screened  conductors,  provide  access 
to  the  rest,  but  to  leave  the  telephone  wires  intact  at  the 
point  in  question. 

The  double  solid  plug  would,  in  this  case,  consist  of  an 
Til  pair  cable  in  the  centre,  and  n^  single  lead  covered  wires 
ranged  around  it  in  the  plugs.  Any  of  the  telegraph  wires 
may  therefore  be  cut  and  led  off,  or  looped  in  as  may  be 
required. 

Renewal  of  6.P.  with  Dry  Core  Cables. 

The  substitution  of  a  lead  covered  cable  for  G.P.  cables 
may  be  effected  quite  easily  in  those  cases  in  which  there 
is  sufficient  room  for  the  lead  cable  to  be  pulled  in  over 
the   G.P.  wires.     This  course  should,   however,  only  be 
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adopted  where  there  is  ample  mar^n  for  the  reception  of 
both  cables.  Another  method  is  to  employ  an  interruption 
cable  slung  upon  the  lamp-posts  or  upon  short  poles  stand- 
ing in  barrels  along  the  route.  The  circuits  are  diverted 
through  the  temporary  cable,  the  G.P.'s  withdrawn,  and 
the  lead  cable  pulled  in  and  jointed,  the  end  being  con- 
nected to  rubber-covered  wires,  and  the  joint  enclosed 
within  a  sleeve,  filled  either  with  insulation  compound  or 
with  paraffin  wax.  This  is  colloquially  termed  "  tail-ending 
the  cable."  In  this  way  the  lead  cable  may  be  substituted 
in  sections  of  from  400  to  800  yards. 

Yet  another  method  has  been  adopted,  but  this  is,  in 
principle,  similar  to  the  system  of  renewing  old  by  new 
G.P.  wires.  A  second  or  subsidiary  small  drum  is  mounted 
upon  the  same  axle  as  the  cable  drum.  The  inner  end  of 
the  cable  is  jointed  to  lengths  of  india-rubber-covered 
wires,  whilst  the  outer  end  is  tailed  ofF,  and  a  special  clip 
which  grips  the  lead  sheathing  without  straining  the  tailed 
joint  is  affixed.  The  cable  is  then  cut  in  at  the  box  from 
which  it  enters  the  pipe  and  the  lead  cable  pulled  in,  whilst 
the  length  of  G.P.  is  simultaneously  pulled  out.  The 
object  of  the  subsidiary  drum  is  to  preserve  the  connection 
with  the  rotating  cable  drum,  and  a  certain  length  of 
rubber  wire  is  necessarily  wound  on  to  the  small  drum 
during  the  operation  of  pulling  in.  It  is  therefore  necessary 
to  provide  sufficient  slack  wire  to  allow  for  this — ^usually 
about  one-third  of  the  length  of  cable  pulled  in  suffices. 

Renewal  of  Dry  Core  Cables. 

The  renewal  of  dry  core  cables  may  best  be  accomplished 
by  means  of  a  temporary  cable  and  tail-ending,  but  it  may 
also  be  effected  by  a  modification  of  the  subsidiary  drum 
method.  Where  a  cable  having  a  larger  number  of  wires 
is  to  be  substituted  it  may  be  possible  to  adopt  the  method 
used  with  G.P.  wires,  but  the  junction  between  the  new 
and  the  old  cable  must  be  carefully  protected  from  moisture, 
and  from  longitudinal  stress  whilst  pulling  in. 

Surveying. 

As  regards  surveying  for  a  new  underground  route,  but 
little  which  is  not  fairly  obvious  can  be  said.    The  type  of 
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paving  is,  of  course,  a  vital  factor  in  the  cost  of  the  work, 
and  where  it  is  possible  to  make  a  choice  the  cheaper 
proposal  is  selected.  The  obstructions  likely  to  be  met  with 
may  be  ascertained  by  observation  and  by  direct  inquiry. 
Li  the  first  categoiy  come  projecting  cellars,  electric  light 
mains  (from  the  position  of  the  boxes),  etc.  Inquiries  made 
from  the  Electricity  Supply  authorities,  from  the  Qss  and 
Water  Companies,  usually  suflfice  for  estimation  of  the 
obstructions. 

Where  the  choice  of  routes  lies  between  busy  and  com- 
paratively unfrequented  thoroughfares,  the  latter  are  chosen 
on  account  of  the  superior  facilities  which  they  offer  for 
the  execution  of  the  work  and  its  subsequent  maintenance. 
At  the  same  time,  tortuous  routes  and  frequent  road 
crossings  should  be  avoided,  but  there  is  little  in  these 
considerations  which  is  not  of  a  vei*y  obvious  character. 

The  pipes  should  where  possible  be  laid  in  straight  lines 
between  consecutive  boxes  in  preference  to  following  the 
lines  of  the  kerb.  Electric  light  mains  should  be  given  as 
wide  a  berth  as  possible  on  account  of  possible  faults 
leading  to  the  formation  of  an  arc  with  the  Department's 
pipes. 

As  in  the  construction  of  aerial  lines,  so  with  underground 
work,  can  economy  be  effected  by  carefully  considering 
the  laying  out  of  the  stores  and  general  organization  of  the 
work. 

Faults. 

A  total  disconnection  in  a  cable  may  be  localized  by 
measuring  the  capacity  of  the  wire  from  each  end  of  the 
cable,  whereas  a  partial  disconnection  or  a  defective  joint 
has  to  be  located  by  opening  the  various  joints  en  route. 

The  positions  of  an  earth  or  contact  fault  may  be  localized 
as  described  on  pages  644  to  647. 

The  breakdown  of  the  whole  route,  due  to  the  entrance 
of  moisture,  is  usually  due  to  a  defective  wiped  joint,  but 
with  the  dry-air  test  which  is  now  employed  this  occurrence 
is  comparatively  rare.  When  the  four  wires  upon  the 
outer  layer  are  periodically  tested,  there  is  frequently  ample 
warning  that  a  defect  exists,  and,  by  applying  the  dry-air 
plant,  its  position  may  readily  be  located. 

It  is  sometimes  necessary  to  cut  out  a  short  length  of 
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saturated  cable  and  substitute  a  new  piece,  but  the  method 
of  accomplishing  this  is  so  obvious  as  to  need  no  comment. 


i$ 


FiQ.  470.— Portion  of  a  pole  test 
box,  front  elevation. 


Flo.  471.— Sectional  view  of 
pole  test  box. 


Fio.  472.— Back  elevation  of  a 
pole  test  box. 


Pole  Test  Boxes. 
It  is  often  necessary  to  provide  testing  facilities,  i,e. 
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facilities  for  looping,  crossing,  disconnecting,  or  earthing 
the  wires,  at  points  which  are  remote  from  any  oflBce  where 
an  ordinary  test  box  can  be  provided.  Such  points  may 
mark  the  division  between  Post  Office  and  Railway  Company's 
maintenance.  In  these  cases,  test  boxes  affixed  to  the  poles 
are  employed,  but  the  design  is,  of  course,  widely  different 
from  that  used  indoors.  At  the  junction  between  an  open 
and  underground  line,  pole  test  boxes  are  provided,  but,  in 
this  case,  they  also  serve  to  carry  the  fuses  and  lightning 
protectors  needed  to  ensure  the  safety  of  the  covered  wires. 

When  testing  facilities  only  are  needed  the  pole  test 
box  is  .of  the  "  D "  type,  but  when  protectors  are  also 
required  the  "  E  "  type  is  fitted.  As  these  two  types  are  of 
somewhat  similar  design  it  will  be  convenient  to  describe 
the  "  E "  box,  and  then  to  indicate  the  simplifications 
which  are  effected  as  a  result  of  the  absence  of  protective 
devices. 

Each  wire  passing  through  the  box  is  represented  by 
two  brass  test  holes,  mounted  upon  an  ebonite  block,  and 
connected  together  by  means  of  a  U-link.  Since  the  boxes 
are  also  used  for  telephone  circuits,  and  the  test  holes  are 
mounted  in  sets  of  four,  and  boxes  capable  of  accommodating 
from  8  to  80  wires  by  gradations  of  8  have  been  designed. 
The  term  wire  is,  in  this  connection,  used  to  denote  one 
wire  in  and  out,  i.e.  an  8-wire  box  would  provide  for 
passing  8  wires  through  the  box,  and  would  therefore 
contain  two  sets  of  four  test  holes.  The  line  wires  are 
soldered  to  the  tags  (see  Fig.  470)  connected  to  the  various 
test  holes.  The  upper  pair  of  each  set  of  A  test  holes  is 
continued  through  the  dividing  board,  and  small  binding 
screws  are  fitted  into  the  tubular  extremities.  Fig.  472 
shows  the  way  in  which  either  vacuum  or  "  C  "  protectors 
may  be  fixed  between  the  pillars  and  the  earth  bars.  As 
previously  stated,  C  protectors  are  fitted  wherever  possible, 
and  it  is  only  when  the  damp  nature  of  the  locality 
absolutely  prohibits  their  use  that  the  vacuum  type  is 
employed.  It  will  not  be  out  of  place  to  again  emphasize 
the  importance  of  securing  a  good  earth  connection  by 
connecting  the  stranded  wire  to  the  iron  pipes  and  by  sink- 
ing a  special  earth  plate.  A  spiral  in  the  wire  is  made  as 
close  to  the  upper  test  holes  upon  the  underground  side  as 
possible,  whilst  the  open  side  is  taken  quite  @tT^ight  to  th§ 
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lower,  since  a  spiral  in  this  case  would  prove  a  source  of 
absolute  danger.  The  spiral  consists  of  about  10  turns  of 
wire  with  a  diameter  of  ^  to  |-inch. 

Fuses  are  inserted  by  means  of  "  fuse  U-links  "  which 
take  the  place  of  links  of  the  ordinary  type.  These  links, 
one  of  which  is  shown  in  Fig.  473,  consist  of  a  block  of 
ebonite  to  which  two  •  peg-like  projections  and  the  fuse 
clips  are  secured.  The  fuses  themselves  are  of  the  ordinary 
glass  tube  pattern  illustrated  in  Fig.  324. 

The  design  of  the  roof  prevents  water  from  passing  into 
the  interior  of  the  box  through  the  wooden  casing  used  to 
carry  the  wires  to  the  arms. 
In  small  boxes  the  wires 
enter  and  leave  the  box  at 
the  bottom,  but  with  large 
boxes  this  is  frequently 
impracticable. 

The  doors  are  hinged 
and  bed  against  rubber 
cushions  fixed  round  the 
edges  of  the  box.  Each 
door  is  closed  by  screws, 
so  shaped  that  they  cannot 
be  removed  from  the  door, 
and  a  special  forked  screw- 
driver is  provided  for 
turning  them.  This 
device  renders  it  ex- 
tremely unlikely  that  any 
mischievously  disposed  person  could  open  the  box,  provides 
a  secure  and  tight  fit  between  the  lids  and  the  box,  and 
precludes  the  possibility  of  the  loss  of  the  screws. 

When  testing  facilities  only  are  needed,  t.  e,  where  the 
route  upon  both  sides  of  the  pole  is  an  open  one,  the  box 
opens  upon  the  front  only,  instead  of  upon  both  sides. 
This  simplification  is  possible  because  protectors  are 
unnecessary,  access  to  the  back  of  the  board  upon  which 
the  test  holes  are  fixed  not  being  required. 

The  arrangements  required  at  the  jxmction  of  an 
underground  and  open  route  are  conventionally  indicated 
in  Fig.  474.  The  underground  route  commences  at  the 
cable  connection  box  in  the  underground  chamber,  and 
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Flo.  478.— Fuse  U-link. 
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terminates  in  a  solid  plug  fixed  upon  the  side  of  a  suitable 
flush  box  at  the  base  of  the  terminal  pole.  From  this  plug 
the  G.P.  leads  pass  into  the  pole  test  box  by  means  of  a 
cast-iron  bend  and  pipe.  The  leads  upwards  are  also  of 
G.P.,  and  emerge  from  the  wooden  casing  through  leading- 
in  cups  whence  they  join  the  open  wires. 

The  neatest  method  of  providing  the  casing  consists  in 
screwing  two  1"  plinths  flush  with  each  edge  of  the  pole, 
and  it  is  to  this  that  the  cover  is  attached.  The  leading-in 
cups  are  placed  upon  the  side  of  the  pole  and  ^''  holes  are 
made  connecting  them  to  the  casing. 

The  leading-in  cup  consists  of  a  curved  porcelain  tube 
protected  by  an  iron  cover  provided  with  flanges  screwed  to 
the  casing.  The  device  affords  mechanical  protection  to 
the  leads  just  in  the  same  way  that  the  ebonite  bends 
protect  the  wires  upon  iron  poles.  It  may  be  added  that, 
as  creosote  has  a  most  deleterious  effect  upon  gutta-percha, 
it  is  necessary  to  prevent  the  leads  from  coming  into 
contact  with  creosoted  poles. 


APPENDIX. 

SECTION  A. 
THE  MOLECULAR  THEORY  OF  MAGNETISM. 

rE  well-known  experimental  fact  that  a  magnet  may  be 
broken  into  any  number  of  pieces  and  yet  each  piece 
still  be  found  to  be  a  perfect  magnet  early  suggested  that 
magnetic  properties  were  of  molecular  ^  origin.  From  this 
point  commenced  the  evolution  of  molecular  theory  of 
magnetism  which  has  reached  its  present  development  by 
the  labours  of  Prof.  Ewing.  This  theory,  which  so  closely 
and  accurately  fits  the  known  facts  of  magnetism,  states 
that  every  molecule  of  a  magnetic  substance  is  always  a 
magnet,  perfect  and  complete  in  itself,  and  that  magnetiz- 
ation is  due  to  the  molecular  magnets  being  more  or  less 
completely  faced  round,  in  opposition  to  their  mutual  attrac- 
tions, so  that  they  tend  to  act  in  the  same  direction.  In 
the  unmagnetized  condition  the  molecules  are  in  positions 
in  which  their  mutual  attractions  are  satisfied.  Considera- 
tion will  show  that  when  this  is  the  case  the  total  effect  of 
the  collection  of  molecular  magnets  will  be  nil,  since  half 
the  North  poles  will  be  pointing  in  one  direction  whilst  the 
rest  are  acting  in  the  opposite  direction.  The  intensity  of 
the  magnetization  has  a  definite  limit  known  as  the  point 
of  saturation,  and  as  it  is  desirable  that  a  clear  conception 
of  the  physical  meaning  of  this  state  should  be  realized, 
a  simple  illustration  of  the  two  conditions  of  a  piece  of 
unmagnetized  iron  and  of  the  same  saturated  will  be  shown 
here — 


N 


NS  — NS  — NS  — NS  — NS-NS 
NS  — NS  — NS  — NS  — NS  — NS 
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Fig.  475.— Arrangement  of  molecules  in  a  magneL 

*  For  definition  of  molecule,  etc.,  see  p.  809. 
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Each  pair  of  small  letters  NS  represents  a  molecule  of  a 
magnetic  substance.  Twelve  molecules  only  have  been 
shown,  whereas  the  smallest  magnet  used  in  practice  con- 
sists of  billions.  The  twelve  molecules  all  face  in  the  same 
direction,  viz.  with  their  North  poles  to  the  left,  and  the 
effect  of  their  combined  action  is  to  produce  North  polarity 
on  the  left  and  South  on  the  right  as  indicated  by  the  pair 
of  large  letters  N  and  S.  Since  the  magnets  are  all  acting 
in  exactly  the  same  direction  it  will  be  obvious  that  the 
effect  produced  wiU  be  the  maximum  possible,  and  this 
condition  is  termed  saturation. 

The  immagnetized  condition  of  the  iron  may  be  repre- 
sented thus : — 


I  /NS  — NS  —  NS  — NS  — NS  — NS\ 
I  VSN  — SN  — SN  — SN  — SN  — SN;  . 

Fio.  476.— Arrangement  of  moleculeR  in  a  piece  of  unmagnetized  iron. 

Here  it  will  be  noticed  that  half  the  magnets  point  one 
way  whilst  the  remainder  act  in  the  opposite  direction,  and 
the  net  result  is  therefore  niL  It  is  most  important  to  note 
that  in  this  condition  the  attraction  of  each  magnet  is  satis- 
fied by  that  of  its  neighbour.  The  lower  six  magnets  have 
turned  through  180°  from  their  positions  in  Fig.  475. 

It  is  important  to  realize  that  the  prime  cause  of  this 
rotation  is  the  satisfaction  of  the  mutual  attractions  of  the 
molecular  magnets.  Imagine,  therefore,  that  the  magnet- 
izing force  is  withdrawn  from  the  piece  of  iron  shown  in 
Fig.  475.  The  molecules  are  perfectly  free  to  turn  round,  but 
their  distances  from  each  other  are  fixed.  If  the  upper  and 
lower  molecules  on  the  left  were  absolutely  parallel  the 
repulsion  of  the  two  Norths  would  balance  that  between  the 
two  Souths,  and  their  positions  would  remain  unchanged. 
This  balance  would  probably  bo  far  finer  than  that  neces- 
sary to  balance  a  billiard  ball  upon  the  point  of  a  needle. 
In  other  words  the  position  would  be  an  unstable  one,  liable 
to  be  upset  by  the  most  minute  vibration.  The  result 
would  therefore  be  that  the  attraction  between  the  poles  of 
opposite  sign  would  produce  a  rotation  of  one  of  the  mole- 
cules. This  will  be  rendered  more  obvious  by  considering 
the  distance  between  the  molecular  magnets  greater  than 
their  length. 
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In  the  case  of  steel  the  molecules  appear  to  be  in  some 
way  jammed,  and  are  very  difficult  to  turn  round,  but  when 
this  has  been  done  the  mutual  attractions  are  not  strong 
enough  to  produce  de-magnetization.  When,  therefore,  a 
piece  of  steel  is  magnetized  it  remains  magnetic  after  the 
removal  of  the  magnetizing  force,  and  is  then  termed  a 
permanent  magnet  in  contradistinction  to  iron,  which, 
on  account  of  its  molecular  inter-attractions,  returns  to 
the  non-magnetic  condition  immediately  the  magnetizing 
force  is  withdrawn. 

Having  considered  the  two  extreme  states  of  non-mag- 
netization and  saturation  it  is  now  desirable  to  investigate 
tlie  conditions  which  lie  between  them.  In  an  actual 
magnet  it  is  highly  improbable  that  the  arrangements  of 
the  molecules  are  of  the  remarkably  simple  character 
shown  in  Figs.  475  and  476.  The  molecules  are  arranged  in 
groups  of  varying  number  and  complex  chains,  and  groups 
which  are,  from  a  magnetic  point  of  view,  self-contained, 
exist  in  such  a  manner  that  the  attractions  of  each  member 
of  a  group  or  chain  are  satisfied  by  those  of  the  others. 

If  a  very  small  directive  magnetic  field  is  applied  to  the 
piece  of  unmagnetized  iron  the  various  molecules  are 
slightly  deflected  from  the  positions  which  they  occupy. 
This  small  deflection  of  the  various  members  of  the  groups 
disturbs  the  balance  of  poles  and  a  magnetic  effect  due  to 
the  iron  is  observable.  By  increasing  the  value  of  the 
directive  field  the  molecular  deflections  increase,  thus  defi- 
nitely increasing  the  magnetic  effect  due  to  the  iron.  At 
this  stage  the  magnetic  effect  due  to  the  iron  itself  is  very 
roughly  proportional  to  the  value  of  the  directive  field.  A 
point  is,  however,  soon  reached  where  a  small  increase  in 
the  vjilue  of  the  directive  field  produces  very  large  increases 
in  the  magnetic  effect  due  to  the  iron.  At  this  point  the 
deflections  have  become  so  great  that  the  chains  and  groups 
become  unstable  and  finally  break  up  altogether.  The 
great  changes  which  ensue  naturally  entail  a  largely  in- 
creased magnetic  moment.  These  changes  increase  in 
magnitude  with  the  increase  of  the  magnetic  field  applied 
until  a  point  is  reached  where  the  molecules  have  reached 
a  stable  position.  Further  increases  of  directive  force  now 
produce  smaller  and  smaller  increases  of  moment  until  a 
point  is  reached  where  no  appreciable  increase  of  moment 
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can  be  obtained.  This  is  the  point  of  saturation,  and 
corresponds  to  the  extreme  condition  shown  in  Fig.  475. 

Since,  however,  the  position  which  the  molecules  take  up 
is  the  restdtant  of  two  opposing  forces,  viz.  the  directive 
force  and  the  inter-attractions  of  the  various  members  of  the 
numerous  groups,  the  molecules  can  never  all  of  them 
wholly  act  in  the  same  direction  as  the  directive  force. 

The  magnetization  of  a  piece  of  iron  may  be  divided  into 
three  definite  stages.  There  is  the  first  stage  in  which  the 
molecules  retain  their  groupings,  but  each  member  is 
deflected.  In  the  second  stage  the  deflections  are  greatly 
increased,  and  the  groups  and  chains  are  unstable.  In  the 
third  stage  the  increases  in  moment  are  due  to  increased 
deflections  of  the  molecules. 

During  the  first  stage  of  the  magnetization  the  removal 
of  the  directive  force  will  at  once  enable  the  molecules  to 
resume  precisely  their  original  positions.  This  demon- 
strates the  experimental  fact  that  iron  which  has  been  but 
weakly  magnetized  exhibits  little  or  no  residual  magnetism. 
Turning  now  to  the  second  stage  where  the  groupings  are 
unstable,  and  where  large  changes  have  occurred,  it  is  not 
surprising  to  find  that  the  withdrawal  of  the  magnetizing 
force  does  not  cause  each  molecule  to  resume  exactly  its 
former  position.  New  groupings  are  formed  and  the  mole- 
cules satisfy  each  other's  attractions  in  the  most  unsym- 
metrical  fashion.  The  result  is  that  there  is  left  a  distinct 
magnetic  moment  due  to  the  molecules.  The  residual 
magnetism  observed  is  thus  accounted  for.  That  which  has 
been  said  of  the  second  applies  equally  to  the  third  stage, 
and  it  is  a  well-known  experimental  fact  that  considerable 
residual  magnetism  is  observed  when  the  magnetizing  force 
is  withdrawn. 

The  results  obtained  from  the  above  considerations  clearly 
show  that  the  amount  of  magnetism  which  a  piece  of  iron 
manifests  depends  upon  the  value  of  the  magnetizing  force. 
At  first  the  effect  increases  comparatively  slowly  to  a  certain 
point  where  small  changes  in  magnetizing  force  produce 
large  changes  in  the  resulting  magnetization.  Finally  the 
point  of  saturation  appears.  In  the  first  stage  there  is  little 
residual  magnetism  in  comparison  with  the  second  and 
third  stages. 

It  should  be  stated  that  Ewing's  theory  was  based  upon 
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the  observation  of  the  behaviour  of  a  flock  of  freely  pivoted 
compass  needles  placed  close  together  with  a  large  circular 
coil  of  wire  at  either  end  of  the  group.  The  current  through 
these  coils  could  be  varied  to  any  required  extent  and  a 
directive  magnetic  field  of  any  particular  value  caused  to 
act  upon  the  group  of  needles.  Their  behaviour  entirely 
corresponds  with  the  statements  made  in  the  description  of 
the  behaviour  of  the  molecules  of  iron.  Indeed,  the  quanti- 
tative values  of  magnetic  efFect  due  to  the  needles  them- 
selves show  a  remarkable  correspondence  with  the  values 
obtained  in  practice  from  a  piece  of  iron.  The  theory  is 
supported  by  innumerable  facts,  and  its  accuracy  can 
scarcely  be  questioned. 


SECTION  B. 


NOTES  ON  CHEMISTRY. 


A  LUMP  of  sugar  may  be  pounded  with  a  hammer  until 
the  particles  are  very  small,  and  by  using  a  mortar  and 
pestle  their  size  can  be  still  further  reduced.  If,  however, 
these  particles  are  examined  by  means  of  a  microscope,  or 
even  by  an  ordinary  lens,  it  will  be  found  that  the  particles 
have  still  some  size,  and  evidently  could  be  made  yet 
smaller.  K  the  sugar  is  dissolved  in  some  warm  water 
the  particles  will  become  so  small  as  to  be  invisible,  but 
we  know  by  the  taste  that  the  sugar  is  there.  We  may 
dilute  it  largely  and  still  recognize  the  sugar,  which  is 
evidently  distributed  equally  throughout  the  liquid.  The 
question  now  arises  as  to  whether  the  sugar  is  capable  of 
unlimited  division.  Experiments  prove  that  it  is  not,  but 
that  ultimately  a  particle  which  will  no  longer  split  up  and 
yet  remain  sugar  will  be  arrived  at. 

This  is  called  a  molecule,  and  is  the  smallest  particle 
which  can  exist  free.  Sugar  is  known  to  consist  of  carbon 
and  the  elements  of  water,  i.  e.  hydrogen  and  oxygen,  and 
if  a  little  strong  sulphuric  acid  be  added  to  the  sugar 
solution  the  acid  will  combine  with  the  water,  black  carbon 
will  be  liberated,  and  the  vessel  wiU  become  very  hot.  If 
the  sugar  is  dissolved  in  some  warm  water  in  a  tall  glass, 
and  the  strong  sulphuric  acid  poured  slowly  in,  the  carbon 
wiU  rise  and  flow  out  of  the  glass  in  a  remarkable  manner. 
It  may  be  remarked  in  passing  that  this  heat  is  caused 
by  the  chemical  action,  and  is  always  given  off  during 
chemical  union.  Now  it  is  clear  that  the  molecule  has 
separated  into  still  smaller  particles  of  substances  quite 
distinct  from  sugar.  These  particles  are  called  atoms,  and 
every  molecule  is  so  built  up.     The  carbon  produced  has 
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not  yet  been  decomposed,  and  is  therefore  called  an  element. 
It  is  evident  that  compounds  are  made  up  of  elements,  but 
it  is  also  as  certain  that  elementary  atoms  do  not  exist  alone 
but  in  groups  or  molecules,  generally  of  two  atoms,  but 
in  one  or  two  cases  of  one,  two,  three,  four  or  even  six 
atoms.  An  atom  may  therefore  be  defined  as  the  smallest 
particle  of  matter  that  can  enter  into  combination.  An 
atom  of  hydrogen  is  represented  by  H,  but  in  the  free  state 
as  a  molecule  as  Hg.  An  atom  of  oxygen  is  represented  by 
0,  a  molecule  by  O2,  and  a  molecule  of  ozone  by  O^,  show- 
ing that  in  this  gas  three  atoms  are  condensed  into  the 
same  space  as  two  of  ordinary  oxygen. 

In  order  to  avoid  writing  the  names  of  each  of  the 
elements  composing  a  compound  a  system  of  chemical 
symbols  is  used,  thus :  Hydrogen  is  represented  by 
H ;  Sulphur,  S ;  Copper,  Cu  ;  Carbon,  C  ;  Oxygen,  0  ; 
Manganese,  Mn ;  Zinc,  Zn ;  Mercury,  Hg ;  Chlorine,  CI ; 
Potassium,  K  ;  Chromium,  Cr  ;  Nitrogen,  N  ;  Lead,  Pb ; 
Sodium,  Na. 

A  number  placed  after  a  symbol  indicates  the  number  of 
atoms  which  is  to  be  considered.  For  instance,  a  molecule  of 
sulphuric  acid  consists  of  two  atoms  of  hydrogen,  one  of 
sulphur,  and  four  of  oxygen.  In  order  to  write  this  quickly 
each  element  has  been  given  a  distinctive  symbol,  and  to 
indicate  the  number  of  atoms  in  each  element  in  the  com- 
pound a  figure  stating  the  number  is  placed  after  each 
element.  Where,  however,  there  is  only  one  atom  the  figure 
"  1 "  is  understood  and  is  not  written.  Sulphuric  acid  is 
therefore  H2SO4.  In  order  to  express  more  than  one  molecule 
of  a  substance  a  large  figure  is  placed  before  the  compound 
thus — 2NH4CL  This  means  two  molecules  of  NH4C1,  or 
two  atoms  of  nitrogen,  eight  of  hydrogen,  and  two  of  chlo- 
rine. 2H2  means  two  molecules  of  hydrogen,  each  of  which 
consists  of  two  atoms,  i.  e.  four  in  all.  4Cr2  (804),  is  the 
symbol  for  four  molecules  of  chromium  sulphate,  each  of 
which  consists  of  two  atoms  of  chromium,  three  of  sulphur 
and  twelve  of  oxygen. 

Chemical  compounds  are  known  by  the  thousand,  but 
there  are  also  groups  of  elements  which  have  no  inde- 
pendent existence,  but  which  can  take  part  in  chemical 
reactions  and  be  transferred  from  one  compound  to  another. 
These  groups  are  called  radiclea.     An  atom  of  hydrogen  H 
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or  oxygen  0  are  elementaiy  radicles.  SO4,  NO3,  HO  are 
compound  radicles.  Radicles  are  also  divided  into  metallic 
as  Na,  Zn,  NH4  and  acid  as  CI,  SO4,  NOg. 

It  is  evident  that  they  exist  free  for  a  very  short 
interval,  in  chemical  reaction,  before  they  re-unite  to  form 
fresh  molecules.  In  this  condition  they  are  said  to  be  nascent j 
and  their  chemical  activity  is  very  great. 

Compounds  are  formed  by  the  union  of  these  radicles 
in  almost  every  conceivable  way,  but  the  great  majority 
belong  to  the  three  following  groups : — 

1.  Acids  which  are   extremely  active  chemical  com- 

pounds and  are  foiined  by  the  union  of  hydrogen, 
H,  with  an  acid  radicle,  as  : — 

H2SO4  Sulphuric  Acid, 
HNOs  Nitric  Acid, 
HCl  Hydrochloric  Acid. 

2.  Bases.     Hydrates  or  hydroxides  are  formed  by  the 

union  of  the  radicle  hydroxyl  HO  with  a  metallic 
radicle,  as :  — 

Potassium  hydrate  KHO. 
Ammonium  hydrate  NH4HO. 

3.  Scdts  are  formed  by  the  union  of  a  metallic  and  an 

acid  radicle : — 

Zn  SO4  Zinc  Sulphate. 

NH4  CI  Ammonium  Chloride. 

The  metals  are  often  called  positive  elements  and  the 
non-metals  negative,  or  still  better  a  list  of  the  elements 
can  be  made,  the  highest  being  the  typical  negative  ele- 
ment oxygen,  and  at  the  bottom  the  typical  positive  element 
potassium.  In  this  list  each  metal  is  negative  to  those 
below  and  positive  to  all  above  it.  Also  the  further  they 
are  apart  the  more  intense  the  chemical  affinity.  The 
radicles  may  also  be  classified  as  positive  and  negative, 
thus  SO4  is  negative  because  it  is  combined  with  the 
positive  H,  and  the  definition  wiU  become : — 

An  acid  formed  of  hydrogen  and  a  negative  radicle, 
A  hase    formed    of    hydroxyl    (HO)    and  a   positive 

radicle,  and 
A  salt  formed  of  a  negative  and  a  positive  radicle. 
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Now  to  split  up  a  compound  requires  energy,  and  when 
separated  they  possess  potential  energy.  When  the  ele- 
ments re-unite  the  energy  is  reproduced,  and  may  exhibit 
itself  in  the  form  of  heat,  light,  electricity,  etc.  Thus  the 
sun  for  ages  decomposed  the  carbonic  acid  gas  in  the  coal 
forests,  and  with  the  carbon  the  plants  were  built  up. 
This  energy,  after  lying  dormant  for  millions  of  years,  is 
now  utilized  by  us  in  the  form  of  heat,  really  the  original 
heat  poured  out  by  the  sun  ages  ago. 

Thus  we  see  man  can  neither  create  nor  destroy  energy, 
and  it  is  equally  certain  that  he  cannot  create  or  destroy 
matter.  All  he  can  do  is  to  change  its  distribution,  and  in 
so  doing  change  its  external  appearance.  Hence,  in  any 
chemical  equation,  every  atom  taking  part  in  the  reaction 
must  be  accounted  for,  i,  e,  if  you  have  ten  atoms  on  one 
side  of  your  equation  you  must  have  ten  on  the  other. 
The  quantities  of  each  element  must  be  the  same,  but  their 
distribidion  may  be  entirely  different. 

If  a  piece  of  pure  zinc  is  placed  in  dilute  acid,  as  for 
instance,  sulphuric  acid,  no  action  takes  place.  If  now,  a 
piece  of  carbon,  platinum  or  copper  is  also  placed  in  the 
solution  there  is  still  no  action.  Lastly,  if  while  they  are 
in  the  liquids  the  elements  are  connected  outside  either  by 
touching  them  together  or  joining  them  by  a  wire,  the  zinc 
immediately  dissolves,  while  hydrogen  gas  is  given  off  from 
the  surface  of  the  copper.  At  the  same  time  the  wire  is 
very  different  to  what  it  was  in  its  normal  state.  It  wiU 
deflect  a  magnetic  needle  as  in  the  telegraph,  make 
soft  iron  into  a  magnet,  and  produce  other  electrical  pheno- 
mena according  to  the  strength  of  the  action.  The  energy 
of  the  chemical  action  exhibits  itself  as  electricity,  and  a 
current  of  electricity  is  said  to  flow  from  the  copper  to  the 
zinc  outside,  and  from  the  zinc  to  copper  inside,  thus 
completing  the  circuit. 

Several  theories  have  been  put  forward  to  account  for 
the  current  in  the  wire,  but  there  is  nothing  certain  known 
of  what  takes  place  in  the  wire  when  the  connection  is 
made.  It  is  probable  that  it  is  due  to  ether  waves  in  or 
around  the  wire.  The  copper  plate  is  the  positive  pole  and 
the  zinc  the  negative,  which  can  be  remembered  thus : — 

CoPper  Positive, 
ZiNc  Negative. 
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The  vessel  is  called  a  cell,  and  a  number  of  cells  put 
together  and  joined  up  is  called  a  battery.  The  action  in 
the  cell  may  be  represented  thus  : — 

Before  the  poles  are  connected.  After  connection. 

Zn  +        H2SO4  =         ZnS04       +  Hj 

One  molecule    and    One  molecule  of      fonn       One  molecule     and      One  molecule 
ofzino  sulphuric  acid  of  zinc  sulphate  of  hydrogen. 

The  copper  plate  is  not  acted  upon  by  the  chemical  con- 
stituents of  the  cell,  and  is  therefore  omitted  from  the 
equation. 

The  reaction  depicted  by  the  above  symbols  represents 
a  molecule  of  zinc  acted  on  by  a  molecule  of  sulphuric 
acid,  the  result  being  that  the  zinc  and  the  two  atoms  of 
hydrogen  of  the  sulphuric  acid  change  places,  when 
we  have  zinc  sulphate  with  hydrogen  free  instead  of 
hydrogen  sulphate  (another  name  for  sulphuric  acid)  and 
zinc  free. 

The  solution  of  zinc  sulphate  at  once  leaves  the  zinc, 
and  being  heavier  than  water  slowly  sinks,  so  that  fresh 
surfaces  of  zinc  are  continually  being  exposed  to  the  action 
of  the  acid.  The  current  will  cease  when  all  the  zinc  has 
been  consimied,  i,  e.  reduced  to  zinc  sulphate.  But  in  the 
case  of  the  copper  the  hydrogen  collects  in  a  thin  layer  and 
clings  to  the  surface.  This  is  called  polarization,  and  of 
course  interferes  seriously  with  the  current.  The  remedy 
is  to  introduce  another  liquid  which  wiU  unite  with  the 
hydrogen  and  remove  it  continuously.  In  the  description 
of  the  various  cells  these  will  be  mentioned  as  they  occur. 
In  the  instance  we  have  used  for  our  illusti-ation,  that  is  the 
two  elements  zinc  and  copper  and  sulphuric  acid,  th^ 
sulphuric  acid  is  called  the  exciting  fluid,  and  the  liquid 
used  to  remove  the  hydrogen  is  called  tiie  depolarizing 
fluid,  and  may  be  a  solution  of  copper  sulphate  forming 
sulphuric  acid  and  metallic  copper.  The  latter  forms  a 
layer  on  the  original  copper  element  and  therefore  the 
action  is  not  impeded. 

According  to  the  most  recent  investigations,  when  sul- 
phuric acid  dissolves  in  water  part  of  it  at  once  separates 
into  the  radicles  Hg  and  SO4,  or  icmSy^  as  they  were  first 

*  Strictly  speakiDg,  H  is  aD  ion  but  not  Hg. 
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termed  by  Faraday.  These  are  in  equilibrmm  with  them- 
selves, and  the  copper  and  zinc,  but  directly  the  connection 
is  made  and  there  is  a  means  of  escape  for  the  energy,  the 
zinc  attracts  the  SO4  and  the  hydrogen  goes  to  copper.  A 
fresh  portion  of  H2SO4  decomposes  into  ions,  and  so  the 
action  goes  on  continuously. 

Similarly  when  sodium  chloride,  NaCl,  is  dissolved  in 
water  it  will  immediately  split  up  into  the  ions  Na  and  CI. 
Now,  if  a  current  of  electricity  is  sent  through  this  solution 
the  Na  is  attracted  by  one  pole  and  is  set  free,  forming 
NaHO  with  the  water,  and  the  CI  is  attracted  by  the  other 
and  escapes  as  gas.  Some  more  NaCl  decomposes,  and  the 
action  goes  on  until  all  the  salt  is  decomposed. 

Substances  like  sugar  (Ci2H220n)  with  a  very  large 
number  of  atoms  are  not  decomposed  by  electrolysis  and 
consequently  do  not  split  up  into  iona. 

What  has  been  said  about  the  atom  is  based  on 
Dalton's  Atomic  Theory,  which  assumes  that  the  atom  is 
the  ultimate  form  of  matter,  and  is  indivisible  and  inde- 
structible. It  must,  however,  be  mentioned  that  the 
researches  of  the  last  few  years,  especially  the  discovery  of 
Radium,  have  led  to  the  conclusion  that  the  atom  itself  is 
composed  of  thousands  of  still  smaller  particles  in  rapid 
motion.  These  have  been  called  electrons.  Also  that  the 
new  element  Radium  with  an  atomic  weight  of  250  is 
capable  of  breaking  into  Helium  whose  atomic  weight  is  2. 

Additional  Definitions. 

An  electrolyte  is  a  liquid  which  undergoes  eleetrolysis, 
i.  e.  chemical  changes,  when  traversed  by  a  current. 

The  electrodes  are  the  conductors  in  contact  with  an 
electrolyte  by  means  of  which  the  current  enters  and  leaves 
the  liquid. 

The  kathode  is  the  electrode  by  which  the  current  leaves 
the  electrolyte  and  the  anode  that  by  which  it  enters. 

The  anion  and  kation  are  the  elements  (or  groups  of 
elements)  liberated  at  the  anode  and  kathode  respectively. 

In  the  simple  voltaic  cell  considered  zinc,  is  the  anode. 
copper  the  kathode,  and  hydrogen  the  kation. 
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SUPERIMPOSING. 

THERE  are  several  systems  by  which  a  telephone  circuit 
may  be  used  for  simultaneous  telegraph  and  telephone 
work.  Of  these,  the  van  Rysselberghe  system,  which  is 
extensively  used  in  Belgium,  enables  two  telegraph 
circuits  to  be  obtained  from  a  metallic  telephone  circuit. 

The  arrangement  of  such  a  circuit  is  indicated  in 
Fig.  477,  the  telegraph  apparatus  at  F  and  G  being 
precisely  as  that  at  G  and  D, 

The  principle  of  the  system  consists  in  slowing  down 
the  rate  at  which  the  telegraph  currents  rise  and  fall  to 
such  an  extent  that  no  audible  effect  is  produced  upon  the 
telephone  receivers,  whilst  the  telephone  speaking  cur- 
rents are,  of  course,  so  small  as  to  be  quite  incapable  of 
affecting  the  telegraph  apparatus.  In  order  to  separate  the 
two  telegraph  circuits  four  condensers,  each  ^  m.f. 
capacity,  are  inserted  in  the  lines.  Since  the  speaking 
telephonic  currents  are  of  a  rapidly  alternating  character, 
the  interposition  of  these  condensers  does  not  appreciably 
affect  the  talking  between  the  telephones  at  A  and 
B.  The  telegraph  circuits  are  all  arranged  in  precisely 
the  same  manner  (Fig.  477).  An  inductive  resistance 
termed  a  "  graduator "  is  inserted  between  the  centre  of 
the  key  and  the  line,  whilst  a  second  and  similar  coil  is 
joined  between  the  battery  and  front  stop  of  the  key, 
a  2  m.f.  condenser  being  connected  between  the  centre  of 
the  key  and  earth.  When  the  key  is  depressed  the 
battery  commences  to  charge  the  condenser  and  the 
difference  of  potential  between  the  centre  of  the  key  and 
earth  rises  slowly,  while  the  graduator  in  the  line  circuit 
tends  to  still  further  reduce  the  rate  at  which  the  current 
increases.    It  will  therefore  be  seen  that  the  current  rises 
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very  slowly  and  that  the  portion  which  passes  through  the 
nearer  condenser,  telephone  A,  condenser,  and  telegraph 
apparatus  F  upon  the  other  line  whilst  the  current  is 
rising  is  far  too  small  to  affect  the  telegraph  apparatus, 
and  since  it  rises  so  slowly  the  telephone  is  likewise 
unaffected.  Consideration  therefore  shows  that  the  two 
telegraph  circuits  may  be  worked  simultaneously  upon  the 
metallic  loop  without  interference  with  telephonic  speech  or 
with  each  other. 


Fio.  477.— Van  Rysselberghe  system  of  simultaneotu  telegraph  and  telephone  worldng ; 
the  apparatus  at  F  and  G  \s  precisely  similar  to  tnat  at  C  and  D, 

The  only  point  to  be  remarked  is  that,  for  calling  pur- 
poses upon  the  telephone  circuit,  it  is  necessary  to  adopt  a 
special  device  which  wiU  not  affect  the  telegraph  circuits  as 
would  the  use  of  an  ordinary  generator.  This  is  accom- 
plished by  the  low  frequency  current  from  a  small 
induction  coil  acting  upon  an  extremely  sensitive  form  of 
relay  at  the  distant  end.*^ 

The  systems  used  in  this  country  enable  one  telegraph 
to  be  worked  over  a  metallic  telephone  circuit  but  without, 
in  any  way,  affecting  the  arrangement  of  the  telegraph 

♦  See  Chapter  IV,  "  Telegraph  Switch  System,"  by  T.  F.  Purves, 
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apparatus  or  the  system  of  ringing  over  the  telephone 
loop.  If  the  circuit  is  in  perfect  condition  there  will  be 
absolutely  no  effect  upon  the  telephones  when  the 
telegraph  stations  are  working.  There  are  two  methods  of 
an-anging  for  the  superimposing,  the  one  by  the  aid  of 
transfomiBrs  and  the  other  by  means  of  bridging  coils. 


Fio.  478.— A  tel^raph  suiierimposed  upon  a  telephone  circuit  with  tran»ronner8. 

A  telephone  circuit,  conventionally  depicted  in  Fig. 
478,  has  a  telegraph  circuit  superimposed  upon  it  by 
means  of  transformers.  The  transformer  (Fig.  479)  is 
an  induction  coil  of  special  design 
and  has  a  closed  magnetic  circuit 
formed  by  fine  iron  wires.  The 
speaking  currents  from  A  pass  through 
the  primary  winding  and  induce  cor- 
responding currents  in  the  secondary, 
which  in  passing  through  the  second- 
ary at  B  induce  currents  in  the 
primary,  so  actuating  the  telephone  at 
B,  The  speaking  in  the  reverse 
direction  {i.e.  B  tx)  A)  is  effected  simi- 
larly. The  central  points  of  the  two 
secondaries  are  connected  to  telegraph 
sets  joined  up  in  the  ordinary  manner. 
The  telegraph  currents  from  C  divide 
equally  through  the  two  sides  of  the  secondary,  and  as  these 
two  halves  of  the  windings  oppose  each  other  the  core  of  the 
transformer  is  not  magnetized  and  therefore  no  E.M.F.  is  in- 
duced in  the  primary.  The  two  halves  of  the  total  current 
pass  along  both  lines  in  parallel,  re-unite  at  the  centre  of 
the  transformer  at  B,  and  pass  through  the  apparatus  at  D 

30 


Pia.  479.— A  transformer. 
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to  earth.  It  will  therefore  be  seen  that  there  is  no  inter- 
ference between  the  telephone  and  telegraph  circuits. 

The  two  lines  must,  however,  be  equal  in  conductor 
resistance,  in  insulation  resistance,  and  in  static  capacity. 

This  system  has  been  used  to  combine  a  single  wire 
telephone  circuit  and  a  telegraph  circuit  upon  a   main 


Fia  480.— A  single  wire  telephone  circuit  combined  with  a  telegraph  wire  to  form  a 
metallic  telepnone  circait  upon  a  main  telegraph  line. 

line  route  so  as  to  cut  off  the  inductive  disturbances 
upon  the  telephone  circuit.  In  country  districts  where 
there  are  neither  electric  tramways  nor  other  telegraph  and 
telephone  circuits  in  the  vicinity  a  single  wire  circuit  is 
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Fio.  481.— A  telegraph  superimpoeed  upon  a  telephone  circuit  with  bridging  wires. 

quite   adequate  for  the   transmission  of  messages  over  a 
short  distance. 

An  example  of  such  a  circuit  is  given  in  Fig.  480, 
where  the  A — B  telegraph  circuit  allied  with  a  section  of 
the  A — C  single  wire  telephone  circuit  provides  a  metallic 
telephone  circuit  between  A  and  F  with  the  telegraph 
superimposed  upon  it.  There  is  therefore  only  the  in- 
ductive disturbance  and   earth  current  effects  between  C 


SECTION  0 


819 


and  F  upon  the  line,  and  in  many  cases  this  is  quite  of  an 
insignificant  character.  It  is,  however,  necessary  to  cross 
the  two  wires  so  as  to  eliminate  inductive  disturbances 
from  the  other  circuits  working  upon  the  maiA  line  between 
A  and  F. 

A  telephone  circuit  upon  which  telegraph  working  is 
superimposed  by  means  of  bridging  coils  is  shown  in 
Fig.  481.  This  plan  is  to  be  preferred  where  the  circuit 
is  not  likely  to  be  extended  over  long  lines.  The  inter- 
polation of  the  transformers  seriously  reduces  the  volume 
of  the  speaking,  whilst  bridging  coils  by  reason  of  their 
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Pia.  482.— Method  of  superimposing  Hughes  circuits  upon 
the  London-Paris  trunk  lines. 


great  impedance  have  no  appreciable  effect  upon  it.  There 
is,  however,  the  disadvantage  that  the  whole  of  the  lines 
must  be  accurately  balanced,  since  a  very  slight  fault  upon 
a  line  to  which  the  telephone  circuit  is  extended  would  at 
once  cause  the  telegraph  signals  to  be  observed  upon  the 
telephone  receiver. 

The  arrangement  adopted  for  superimposing  a  Hughes 
circuit  upon  the  London-Paris  trunk  lines  is  illustrated  in 
Fig.  482.  It  will  be  observed  that  a  1(>|  m.f.  condenser 
has  been  placed  across  the  terminals  of  the  Hughes  set  in 
order  to  slow  down  the  rise  and  fall  of  the  current — ^an 
effect  which  is  augmented  by  the  action  of  the  150*  in- 
ductive coil.     If  the  battery  circuit  had  no  resistance  the 
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10 J  m.f.  condenser  would  have  no  effect  whatever  upon 
the  sent  currents,  but  as  there  is  a  vacuum  resistance  in 
the  battery  lead  it  considerably  reduce  the  rates  at  which 
the  current  rises.  The  only  other  point  which  calls  for 
comment  is  the  arrangement  of  the  telephone  ringing 
circuit.  Owing  to  the  fact  that  the  ringing  current  is 
derived  from  a  dynamotor,  which  is  also  used  to  ring  upon 
other  circuits,  it  is  necessary  to  prevent  its  direct  connection 
to  the  trunk  line.  Many  of  the  circuits  upon  which  it  is 
ringing  have  earth  connections  or  possibly  actual  faults  so 
that  the  generator  becomes  partially  earthed — on  the 
common  battery  system  one  side  of  the  generator  is  always 
to  earth — ^hence  a  portion  of  the  ringing  current  would  find 
its  way  through,  and  produce  interferences  with  the 
telegraph  circuit.  In  order  to  avoid  this  the  depression  of 
the  ringing  key  is  caused  to  connect  the  generator  to  the 
primary  winding,  and  thus  currents  are  indued  in  the 
secondary  (shown  in  Fig.  482). 

By  either  of  the  two  methods  considered  any  form  of 
telegraph  may  be  superimposed  upon  a  telephone  loop,  but 
high  speed  working  is,  of  course,  impracticable  owing  to 
the  introduction  of  the  resistances  between  the  battery  and 
the  lines  and  also  to  the  extraordinary  perfection  which  the 
lines  would  have  to  possess  to  prevent  interference  with  the 
teleplione  speaking.  In  practice,  a  Steljes  recorder  or  an 
A.B.C.  is  frequently  superimposed  upon  a  terminated  tele- 
phone circuit,  e.  g,  a  telephone  circuit  connecting  the  Man- 
chester and  Liverpool  offices  of  a  company  who  also  work 
a  Steljes  recorder  over  the  loop. 

Where  there  are  several  trunk  lines  connecting  two  towns 
their  traffic-carrying  capacity  is  greatly  increased  by  reduc- 
ing the  amount  of  operating  work  taking  place  over  tliem. 
With  this  object  a  telegraph  call  wire  is  superimposed  upon 
one  of  the  lines  and  over  this  is  transmitted  the  numbers  of 
the  callings  and  called  subscribers.  In  this  way  the  distant 
operator  can  ring  up  the  wanted  subscribers  and  have  them 
waiting  upon  the  junction  lines,  thus  saving  the  time  of 
the  trunk  line  which  would  otherwise  be  occupied  in  giving 
the  number  of  the  called  subscriber,  in  connecting  him  to 
the  junction  line,  and  finally  in  ringing  him  up.  In  practice 
it  is  found  that  the  saving  is  considerable — more  than 
sufficient  to  justify  the  services  of  the  two  telegraplii8t& 
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The  only  noteworthy  electrical  features  of  the  device  consist 
in  the  use  of  a  very  small  and  light  form  of  sounder  con- 
tained within  an  ebonite  case  and  held  to  the  ear  by  means 
of  a  light  steel  band  similar  in  all  respects  to  a  head  gear 
telephone  receiver.  The  100**  resistance  coil  and  the  2  ra.f . 
condenser  serve  the  same  purpose  as  the  corresponding 
parts  of  the  Van  Rysselberghe  arrangement.  The  trans- 
mitted signals  pass  through  the  relay  and  galvanometer 
which  jointly  act  as  a  graduator,  it  being  necessary  to  adopt 
these  precautions  owing  to  the  fact  that  the  system  is  only 
used  upon  long  trunk  lines  and  that  absolute  perfection  of 
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Pig.  488.— Telegraph  call  wire. 

balance  between  the  lines  can  rarely  be  attained  in  practice. 
The  4  m.f .  condensers  in  the  telephone  circuit  serve  to  pre- 
vent telegraph  currents  from  passing  over  the  junction  and 
so  producing  false  clearing  signals  at  the  N.  T.  Co.'s 
exchange. 

There  are  many  trunk  centres  at  which  there  is  but  one 
telegraph  circuit,  and  when  this  becomes  faulty  the  town  is 
telegraphically  isolated.  In  such  cases  arrangements  have 
been  devised  whereby  the  telegraph  circuit  can  be  super- 
imposed upon  one  of  the  trimk  lines.  At  small  offices  where 
the  generator  is  only  likely  to  be  used  to  ring  upon  one 
circxdt  at  a  time  the  arrangement  closely  resembles  that  of 
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the  telegraph  call  wire,  save  that  the  ordinary  MoiBe  ap- 
paratus and  connections  are  preserved  unchanged ;  the  line 
is  however  taken  through  a  40**  choking  coil  of  large  in- 
ductance before  connection  to  the  centre  of  the  transformer 
which  is  bridged  across  the  lines  precisely  as  in  Fig.  483. 
A  2  m.f.  condenser  is  bridged  between  the  galvanometer 
and  U-circle  of  the  relay.  Condensers  of  4  m.f.  capacity  are 
as  before  interpolated  in  the  trunk  line  on  its  way  to  the 
switch  section.  The  telegraph  apparatus  is  changed  over 
from  its  ordinary  line  to  the  trunk  line  by  means  of  a  9- 
terminal-2-position  switch.     At  larger  offices  where   the 
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Fia.  484.— Skeleton  connection  of  a  duplex  superimpoeed  upon  a  metallic  circnit, 
qoadrnplex  working  through  a  long  subterranean  cable. 


generator  is  common  to  a  number  of  sections  the  trunk  line 
passes  through  a  transformer  (instead  of  the  4  m.f.  con- 
densers) on  its  way  to  the  switch  section  (as  in  Fig.  483). 
The  40"  choking  coil  and  the  2  m.f.  condenser  are  used 
precisely  as  in  the  arrangement  for  small  offices,  but 
the  change  from  the  telegraph  line  to  the  telephone 
tnink  is  effected  by  test  box  changes  instead  of  by  a 
s^vitch. 

It  should  be  stated  that  telegraph  superimposed  circuits 
involve  the  abandonment  of  automatic  signalling  upon  the 
trunk  lines  upon  which  they  work  and,  as  has  been  seen, 
involve  the  interpolation  of  transformers  at  the  larger 
offices,  the  exception  in  the  case  of  telegraph  call  wires 
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being  due  to  the  fact  that  there  is  no  ringing  over  the  trunk 
line  whilst  the  telegraphic  call  wire  is  in  use  for  the  control 
of  the  traflBc.  In  the  case  of  oflSces  with  but  one  telegraph 
outlet  the  temporaiy  abandonment  of  automatic  signalling 
and  the  reduction  of  the  speaking  efficiency  over  the  trunk 
line  is  far  less  serious  than  the  total  dislocation  of  the  tele- 
graphic traffic. 

It  has  previously  been  stated  that  duplex  circuits  are 
superimposed  upon  the  metallic  circuit  quadruplexes 
worked  through  the  London-Birmingham  subterranean 
cable.  This  is  accomplished  in  the  manner  illustrated  by 
the  skeleton  diagram  given  in  Fig.  484,  from  which  it  will 
be  seen  that  the  two  lines  are  bridged  by  a  10,000"  resist- 
ance coil  to  the  centre  of  which  an  ordinary  duplex  set  is 
connected.  A  10  m.f.  signalling  condenser  is  placed  across 
each  of  the  5,000"  resistances  in  order  to  hasten  the  rise  and 
fall  of  the  current  in  duplex  circi^it.  The  quadruplex  ap- 
paratus is  arranged  in  the  usual  manner  save  that  the  com- 
pensation circuit  is  made  to  very  closely  resemble  the  line 
circuit  by  connecting  a  series  of  condensers  of  equal  capacity 
(5  m.f.)  and  equal  resistances  (33")  as  shown.  In  this  way 
the  conditions  of  the  distributed  capacity  of  the  circuit  are 
closely  approximated — the  5  m.f.  and  10,000"  being  used 
solely  to  balance  the  signalling  condenser  and  its  resistances. 
Consideration  will  show  liiat,  since  the  duplex  set  is  worked 
with  an  earth  connection  over  both  lines  in  parallel,  the 
quadruplex  circuit  must  be  worked  from  an  individual  or 
independent  battery,  and  for  this  purpose  a  set  of  small 
secondary  cells  is  provided  for  each  circuit.  It  will  also  be 
realized  that  there  is  no  interference  between  the  circuits, 
since  the  operation  of  the  duplex  circuit  does  not  afPect  the 
difference  of  potential  between  the  ends  of  the  quadruplex 
circuit  nor  does  the  latter,  working  round  the  loop,  affect 
the  earth-connected  duplex. 

The  full  connections  are  shown  in  Fig.  485,  and  call  for 
very  little  comment.  The  duplex  is  known  as  a  "  plus  cir- 
cuit." The  rheostat  which  bridges  the  ends  of  fiie  arti- 
ficial line  serves  for  slight  adjustments  of  balance,  but  these 
are  extremely  small,  since  the  conditions  upon  an  under- 
ground circuit  vary  but  little. 

The  local  connections  of  the  B  side  relay  differ  somewhat 
from*  any  of  those  previously  considered.     The  power  is 
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increased  to  40  volts  in  order  to  permit  the  introduction  of 
resistance  between  the  batteiy  and  the  condenser  bridged 
sounder,  so  obviating  the  serious  sparking  which  occurred 
in  the  earlier  arrangements.  The  device  has,  however, 
quite  recently  been  modified  to  that  shown  in  Fig.  498 
iq.v,). 


SECTION  D. 

THE  MURRAY  AUTOMATIC  SYSTEM. 

THDE  description  which  follows  is  reprinted  from  Mr. 
Donald  Murray's  paper,  "Setting  Type  by  Telegraph" 
(Journal  of  the  Proceedings  of  the  Institution  of  Electrical 
Engineers,  part  172,  vol.  34),  by  the  permission  of  the 
Editing  Committee  and  with  the  sanction  of  the  Author. 

Introductory. 

The  Murray  differs  from  the  Wheatstone  automatic  system, 
so  far  as  manipulation  is  concerned,  in  the  fact  that  a  type- 
writer keyboard  perforator  is  substituted  for  the  familiar 
three-key  type,  whilst  the  receiver  is  substituted  by  an  ap- 
paratus which,  instead  of  inking  a  slip,  perforates  a  tape  in 
precisely  the  same  positions  as  the  transmitting  tape.  The 
received  tape  is  then  passed  through  a  translator  which 
mechanically  type-writes  the  message  in  page  form  upon 
specially  printed  forms. 

The  Morse  alphabet  is  made  up  of  signals  of  unequal 
length,  for  whereas  the  letter  "  e  "  is  represented  by  one 
unit,  the  figure  "  0  "  requires  a  space  equal  to  17  units ;  but 
in  the  Murray  system  each  letter  is  of  precisely  the  same 
length  and  is  transmitted  by  permutations  of  five  units. 
Yet  another  feature  is  that  there  is  no  space  between  the 
various  letters  composing  a  word,  and  the  currents  may,  and,  ' 

in  fact,  do  actually,  run  together.     Moreover,  the  system  is  i 

one  which  merely  involves  isochronism,  and  does  not,  as  in 
the  Delaney  multiplex,  necessitate  synchronism ;  by  which 
latter  term  is  meant  the  identity  of  speed  and  phase  between  • 

the  motions  of  two  bodies  at  a  distance.   Isochronism  merely  Sp^ 

requires  identity  of  speed  ;  that  is  to  say,  two  clocks  would  ^ 
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be  isochronous  if  the  hands  moved  at  the  same  speed,  whereas 
they  would  only  be  synchronous  if  they  also  indicated  the 
same  time  at  every  instant.  The  term  unison  is  employed 
to  denote  the  method  adopted  for  correctly  dividing  off  or 
distinguishing  groups  of  letter  signals. 

The  Murray  may  readily  be  duplexed  upon  the  differ- 
ential method,  the  ordinary  standard  condensers  and 
rheostats  being  used  for  this  purpose. 

The  Murray  Tape,  and  the  Correction  of  Errors. 

Fig.  487  shows  a  piece  of  this  tape  perforated  with  holes 
representing  the  word  "  PARIS,"  while  beneath  it,  on  line 


1 
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Fig.  487.— Isochronlsm  diagram. 

3,  are  shown  the  main-line  time  signals  which  this  tape 
transmits,  or  which  produce  this  tape  at  the  receiving 
station.  For  the  sake  of  clearness  the  main-line  signals 
are  shown  as  made  up  of  positive  and  zero  units.  The 
system  can  be  worked  in  this  way,  but  it  is  preferable  to 
use  positive  and  negative  units  (double  current),  zero 
positions  being  filled  with  negative  units.  Each  letter  per- 
mutation occupies  half-an-inch  lengthwise  of  the  tape,  each 
letter  space  being  divided  up  into  five  equal  units.  Any  one 
or  more  of  these  units  may  be  perforated  with  a  message 
hole.  This  gives  32  permutations.  Following  the  example 
of  the  Hughes  and  Baudot,  one  of  these  groups  is  used  as  a 
figure-shift  and  another  as  a  letter-shift,  and  there  are  about 
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52  type  characters.  The  central  row  of  feed-holes  in  the 
tape  6,  Fig.  487,  is  punched  beforehand  at  an  immense 
speed  by  pulling  the  tape  through  between  a  punch-wheel 
and  a  die-wheel. 

While  describing  the  tape,  an  important  point  in  regard 
to  automatic  printing  telegraphs  may  be  explained.  So  far 
as  commercial  telegrams  are  concerned,  a  serious  objection 
to  direct-transmitting  page-printing  telegraphs  is  that 
errors  show  up  badly  in  the  printed  message,  and  operators 
have  to  work  slowly  and  carefully  to  avoid  making  mistakes. 
Any  one  who  is  accustomed  to  using  a  typewriter  knows 
how  difficult  it  is  to  write  a  page  of  type-written  matter 
without  striking  at  least  one  or  two  wrong  letters.  In  four 
cases  out  of  five  there  is  consciousness  of  the  error  as  soon 
as  it  is  made,  and  steps  can  be  taken  to  con-ect  it.  In  tape- 
printing  telegraphs,  like  the  Hughes  and  Baudot,  the  errors 
and  the  succeeding  corrections  can  be  cut  out  of  the  tape 
before  it  is  pasted  on  to  the  telegraph  blank,  and  there  is 
then  nothing  to  disfigure  the  telegram,  and  make  the  reci- 
pient uneasy  about  its  accuracy.  With  a  direct-transmitting 
page-printing  telegraph  this  cannot  be  done.  A  wrong  key 
depressed  is  an  error  printed  at  the  other  end  of  the  line, 
and  the  correction  following  only  magnifies  the  blot.  All 
automatic  systems  of  telegraphic  transmission  in  which 
there  is  preparation  of  the  message  beforehand  possess  the 
potentiality  of  correcting  an  error  before  transmission.  In 
the  Wheatstone  system,  for  instance,  this  process  is  known 
as  a  "  rub -out."  In  automatic  telegraph  systems,  in  which 
a  printing  machine  takes  the  place  of  the  receiving  operator, 
it  is  a  comparatively  simple  matter  to  arrange  that  the 
printer  shall  imitate  the  action  of  the  operator  by  remaining 
inactive  when  dots  only  are  coming  over  the  line.  In  this 
way  no  trace  of  the  error  appears  in  the  printed  message. 
With  automatic  systems  like  the  Murray,  using  an  alphabet 
in  which  the  letter  signals  are  all  of  the  same  length,  the 
transmitting  tape,  while  being  prepared  in  the  keyboard 
perforator,  can  be  pulled  back  instantly  letter  by  letter  by 
depressing  a  lever.  If  an  operator  strikes  a  wrong  key,  all 
he  has  to  do  to  rectify  his  error  is  to  strike  the  back-spacing 
lever,  the  letter-shift  key,  and  the  desired  letter — ^the  work 
of  a  moment.  A  word  of  six  letters  can  be  blotted  out  in 
this  way  in  a  few  seconds,  and  no  trace  of  the  correction. 
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not  even  a  blank  space,  will  appear  in  the  printed  message 
at  the  other  end  of  the  line.  This  relieves  the  operator 
from  the  dread  of  striking  a  wrong  key,  the  strain  on  his 
attention  is  less,  and  he  can  work  faster  without  working 
harder. 

The  First  Translation. 

The  messages  for  transmission  are  punched  in  the  tape 
by  keyboard  perforators  of  a  very  simple  character.  These 
translate  the  Roman  letter  space  signals  into  the  space 
signals  of  the  five-unit  telegraph  alphabet.  Fig.  488  is  a 
general  view  of  this  translating  instrument,  with  the  cover 
on  and  the  lid  opened  like  a  piano,  ready  for  operation. 
Fig.  489  shows  the  instrument  with  the  cover  removed. 
At  the  back  there  is  a  box  holding  a  condenser  to  suppress 
the  spark  at  the  punching  contact.  On  top  of  this  box 
rests  the  ordinary  Wheatstone  tape-feed  wheel.  In  front  is 
the  actual  perforator,  which  includes  a  punch-block  with 
five  punches  and  an  electromagnet,  the  armature  of  which 
punches  on  its  front  stroke  and  feeds  the  tape  forward  one 
letter  space  on  its  back  stroke.  This  magnet  does  the 
whole  of  the  work,  and  there  are  only  two  electrical  contacts, 
one  a  punching  contact  and  the  other  a  letter-counting  con- 
tact, to  indicate  the  length  of  the  lines  for  the  page-printing. 
There  is  also  a  typewriter  keyboard  with  thirty-three  keys, 
the  touch  and  depression  of  which  have  been  made  very- 
light  and  short  to  increase  the  speed  of  operation.  A 
simple  selecting  or  translating  mechanism  completes  the 
machine.  On  the  right  may  be  seen  the  lever  for  pulling 
the  tape  back  letter  by  letter  when  a  correction  is  necessary. 
The  correction  is  made  by  striking  the  letter-shift  key 
(Caps).  This  punches  five  holes  in  a  letter  space,  and  so 
blots  out  all  other  permutations  which  may.  have  been 
previously  punched.  At  the  other  end  of  the  line  this 
signal  leaves  the  printer  unaffected,  its  function  being  to 
shift  the  action  of  the  printer  from  figures  to  letters.  The 
signal  may  be  repeated  half-a-dozen  times  so  as  to  blot 
out  a  whole  word,  and  there  will  be  no  trace  of  the  error 
in  the  printed  message.  As  the  tape  is  divided  off  by 
printed  cross-lines  into  letter  spaces,  it  is  practically  as 
clear  as  print,  and  an  operator  can  learn  to  read  it  in  a 
week.     It  is  not  necessary  to  read  the  tape,  but  as  it  is 
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easily  learnt  the  perforator  has  been  so  designed  that  the 
perforated  tape  is  visible  up  to  the  last  letter  punched  just 
above  the  keyboard  and  below  the  message  being  perforated. 

The  keyboard  perforators  can  be  constructed  to  work  on 
any  telegraphic  voltage,  or  on  a  110  or  220  volt  electric- 
light  circuit,  and  the  current  consumption  is  small — ^about 
one-third  of  an  ampere  during  the  momentary  depression 
of  each  key. 

So  many  keyboard  machines  for  producing  x)erforated 
tape  have  been  made  during  the  past  twenty  or  thirty 
years,  that  it  is  unnecessary  to  go  into  further  details, 
beyond  saying  that  the  whole  machine  and  any  part  of  it 
have  been  made  instantly  removable  and  interchangeable. 
There  are  no  screws,  or  terminals,  or  wires  to  be  un- 
fastened. If  an  instrument  or  any  part  of  it  is  out  of 
order,  it  is  simply  lifted  away  and  another  put  in  its  place. 
Fig.  490  shows  the  parts  separately.  The  key  buttons  are 
in  rows  of  different  colours,  and  of  slightly  different 
heights  to  facilitate  operation  without  taking  the  eyes  off  the 
copy — ^an  essential  condition  for  high  speed  on  a  type- 
writer keyboard.  This  mode  of  working  is  not  so 
difficult  as  might  be  supposed,  particularly  when  the 
operator  is  trained  from  the  first  to  write  in  this  way. 

Collection  and  Transmission. 

The  perforated  tape,  containing  a  batch  of  three  or 
more  messages,  having  been  prepared,  the  next  step  is 
automatic  transmission — ^that  is  to  say,  collection  of  the 
space  signals  and  transmission  as  time  signals. 

The  object  of  the  Murray  single-line  transmitter  is  to 
produce,  from  a  series  of  adjoining  but  separate  holes 
(1,  Fig.  491)  in  a  tape,  not  a  series  of  short  dots  like  6,  but 
a  continuous  telegraphic  signal  3,  such  as  would  be 
produced  by  a  contact  brush  passing  over  the  slit  or 
elongated  perforation  2,  equal  in  length  to  all  the  holes  1. 
The  mechaaism  has  also  to  break  or  reverse  the  current  4 
when  one  or  more  unperforated  units  of  tape  5  intervene, 
and  to  maintain  this  zero  or  reversed  current  in  the  line 
until  one  or  more  perforated  units  of  tape  occur.  It  is  a 
process  of  integrating  or  producing  a  continuous  signal 
from  a  series  of  discontinuous  holes.     If  it  were  not  for 
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this  arrangement  the  number  of  signals  that  would  have  to 
be  transmitted  to  produce  the  Murray  tape  would  be  nearly 
double  what  it  is  now.  It  will  be  seen  presently  that  at 
the  receiving  station  there  are  instruments  which  exactly 
reverse  this  process.  They  differentiate  or  split  up  the 
wholesale  signals  into  their  retail  units,  thereby  producing 
at  the  receiving  station  a  replica  of  the  transmitting  tape. 
As  there  is  only  one  row  of  message-holes  in  the  tape, 
the  Murray  transmitter,  in  its  improved  form,  is  a  con- 
siderable departure  from  the  Wheatstone  model.  In  the 
Wheatstone  the  signals  depend  on  the  relative  positions  of 
message-holes  arranged  in  two  rows.  In  the  new  Murray 
transmitter  the   signals  depend  on  the  relative  positions 
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of  perforated  and  non-perforated  units  of  tape.  The 
mechanism  is  shown  in  Fig.  492  (collector).  The  tape  and 
the  transmitter  together  form  the  collector.  There  is  the " 
usual  Wheatstone  star-wheel  15  to  feed  the  tape  forward 
by  means  of  the  central  row  of  holes,  rack  and  pinion 
fashion ;  but  in  place  of  the  two  small  upright  rods  used 
in  the  Wheatstone  for  entering  the  holes  in  the  tape,  there 
is  a  single  rod  1.  This  rod  is  pivoted  at  one  end  of  a 
horizontal  thrust-lever  2.  Tliis  thrust-lever  is  in  its  turn 
pivoted  near  its  aiiddle  on  a  vertical  lever  3,  oscillating  on 
the  centre  4.  This  vertical  lever  is  kept  oscillating 
steadily  by  a  small  eccentric  wheel  5  and  connecting  rod 
6,  of  the  same  kind  as  that  employed  in  the  Wheatstone 
transmitter.  The  thrust-lever  2  has  a  tooth  7  on  its  under 
side,  which  rests  against  a  pin  8  in  the  vertical  lever  3. 
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The  result  of  the  oscillations  of  the  vertical  lever  3  is  to 
cause  the  horizontal  thrust-lever  2  to  oscillate  also. 
The  free  end  9  of  this  thrust-lever  is  placed  close  to  the 
two  free  ends  of  two  converging  thrust-bars  10  and  11, 
which  are  pivoted  one  on  each  side  of  the  pivot  12,  of  an 
ordinary  Wheatstone  contact  lever  13.  These  converging 
thrust-bars  are  lightly  pressed  against  a  friction  roller  14 
by  two  small  steel  wire  springs.  The  usual  Wheatstone 
jockey  roller  17  ensures  the  contact  lever  13  making 
firm  contact  and  remaining  either  on  contact  18  or  on 
contact  19. 

When  the  machine  is  in  operation,  and  tape  perforated 
with  a  message  is  being  fed  through  in  the  ordinary 
Wheatstone  manner,  the  small  steel  rod  1  reciprocates 
regularly  against  the  paper  tape  20,  as  may  be  seen 
from  the  dotted  arc  16  described  from  the  centre  4.  It 
makes  one  reciprocation  for  each  unit  of  the  tape,  the 
eccentric  wheel  5  making  ten  revolutions  for  one  revolution 
of  the  star-wheel  15,  the  spindles  of  the  two  wheels  being 
connected  by  ten  to  one  gearing  as  shown  by  the  large 
dotted  circle.  If  there  is  a  message-hole  in  the  tape,  the 
tip  of  the  rod  enters  the  hole  and  the  complete  motion  of 
the  rod  is  unobstructed.  This  permits  the  thrust-lever  2 
to  move  as  if  it  were  one  piece  with  the  vertical  lever  3,  and 
the  oscillation  causes  its  free  end  to  strike  the  free  end  of 
the  lower  thrust-bar  11,  connected  with  the  contact  lever 
below  the  pivot  12.  This  throws  the  contact  lever  over  on 
to  the  marking  contact  18.  If  at  the  next  oscillation  the 
small  upright  rod  again  enters  a  hole  in  the  tape,  the  same 
action  is  repeated,  but  the  contact  lever  being  already 
against  the  marking  contact,  and  held  there  by  the  jockey 
roller  17,  no  change  is  made  in  its  position,  and  marking 
current  continues  to  be  sent  out  to  line.  No  further  repeti- 
tion of  message-holes  in  the  paper  tape  makes  any  change 
in  the  position  of  the  contact  lever ;  but  if  a  non-perforated 
unit  of  tape  intervenes,  then  the  small  rod  1  is  obstructed 
by  the  tape,  and  the  oscillation  of  the  vertical  lever  3  causes 
the  rod  1  to  depress  its  end  of  the  thrust-lever  2,  thereby 
raising  the  other  end  9  of  the  thrust-lever,  which  then,  in 
the  course  of  the  oscillation,  strikes  the  upper  thrust-bar  10. 
This  throws  the  contact  lever  over  on  to  tite  spacing  contact 
19,  thereby  breaking  the  marking  current  and  throwing 
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telegraphy,  including  even  such  simple  apparatus  as  the 
Wheatstone  automatic,  and  the  indicator  just  described 
leaves  nothing  to  be  desired  as  far  as  the  Murray  system  is 
concerned. 

Fig.  493  is  a  general  view  of  the  transmitter.  At  the 
back  may  be  seen  the  rectangular  frame  of  a  La  Cour 
phonic  wheel  motor  that  drives  the  transmitter.  This 
motor  is  more  clearly  shown  in  the  general  diagram  of  the 
system,  Fig.  492.  A  vibrating  reed  23  sends  electrical 
impulses  alternately  to  the  two  motor  magnets  24  and  25, 
and  these  keep  the  notched  armature  26  in  steady  rotation. 
This  armature  26  drives  the  star-wheel  15  and  eccentric 
wheel  5.  The  arrangement  is  in  reality  an  electrical  pen- 
dulum with  the  action  reversed,  the  pendulum  driving  the 
escapement  wheel,  the  two  magnets  being  the  two  pallets  of 
the  escapement  which  pull  the  escapement  wheel  26  round 
step  by  step,  though  the  inertia  of  ike  wheel  is  sufiBcient  to 
ensure  uniform  motion.  The  vibrating  reed  being  isochro- 
nous in  the  acoustical  sense,  the  speed  of  the  motor  is  the 
same  for  all  amplitudes  of  vibration — that  is  to  say,  varia- 
tion of  current  strength  has  no  effect  on  the  speed  of  the 
motor.  The  speed  is  remarkably  uniform,  and  the  motor  is 
ideal  for  the  purpose  and  gives  no  trouble. 

This  single-line  transmitter  has  several  advantages  over 
the  Wheatstone  instrument,  the  chief  one  being  that  there 
is  a  direct  thrust  against  the  contact  lever  from  the  driving 
mechanism,  independent  of  the  strength  of  the  paper  tape. 
Hence  this  thrust  can  be  made  strong  in  order  to  give  very 
firm  contacts. 

The  Distributing  Mechanism. 

The  distributor  at  the  receiving  station  consists  of  two 
relays,  a  vibrating  reed  and  a  recorder.  In  practice  the 
main-line  signals  pass  through  an  ordinary  polarized  relay 
to  earth,  this  relay  operating  two  local  relays ;  but  for  the 
sake  of  clearness  the  main-line  signals  are  shown  passing 
direct  through  the  two  local  relays  27  and  28,  Fig.  492,  to 
earth.  It  is  by  means  of  these  two  relays  that  the  rest  of 
the  distributing  mechanism  is  controlled.  The  recorder, 
which  punches  the  message-holes  in  the  receiving  tape,  is 
also  shown  in  Fig.  492.  This  recorder  consists  of  a  punch- 
ing magnet  and  a  spacing  magnet.     The  punching  magnet 
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operates  a  punching  lever  29  and  a  punch  30.  This  punch 
corresponds  with  the  small  rod  1  in  the  transmitter.  The 
punch  reproduces  the  motions  of  the  rod,  and  thereby 
reproduces  the  perforations  in  the  tape.  On  short  circuit 
the  punch  and  the  rod  may  be  seen  to  be  working  precisely 
in  step  with  each  other.  The  spacing  magnet  feeds  the 
tape  forward  unit  by  unit  by  means  of  the  escapement  and 
star-wheel  on  the  motor-driven  spindle  31.  In  order  to 
secure  the  alternating  action  of  these  two  magnets,  the  con- 
tacts which  close  their  respective  circuits  are  arranged  one 
on  each  side,  32  and  33,  of  a  vibrating  reed  34,  driven  by 
a  magnet  35.  As  the  reed  vibrates,  short  impulses  are  sent 
alternately  to  the  punching  and  the  spacing  magnet.  When 
there  are  no  signals  passing  in  the  main  line,  a  special 
device  (not  shown)  cuts  out  the  spacing  magnet  by  opening 
the  switch  60,  and  so  stops  the  tape ;  but  as  long  as  a 
message  is  passing  the  vibratory  action  of  the  spacing 
magnet  is  continuous,  and  the  tape  is  fed  forward  at  a  fixed 
speed.  The  punching  magnet  works  alternately  with  the 
spacing  magnet,  but  only  when  there  is  marking  current  in 
the  main  line,  the  punching  relay  27  controlling  the  circuit 
of  the  punching  magnet.  The  oscillations  of  the  tongue  of 
relay  27  and  of  the  vibrating  reed  must  therefore  be  not 
only  isochronous,  but  also  synchronous.  Between  sending 
station  and  receiving  station  iaochronism  only  is  needed, 
but  between  the  receiving  instruments  on  the  same  table 
synchronism  is  essential.  This  is  the  case  not  only  with 
printing  telegraphs,  but  with  all  machines.  The  parts 
must  move  synchronously  or  the  machine  will  not  work. 
Fortunately,  practical  synchronism,  when  it  is  a  question 
of  a  few  inches  and  not  of  miles,  is  very  easy  of  attainment. 
In  the  Murray  system  it  is  achieved  in  the  following  manner, 
which  also  of  course  secures  the  needful  isochronism  between 
the  two  stations. 

The  Method  of  Securing  Isochronism. 

The  reed  34,  kept  vibrating  by  the  magnet  35,  beats 
against  buffer  springs  36  and  37.  These  limit  the  ampli- 
tude of  vibration,  and,  as  the  energy  imparted  to  the  reed 
must  find  some  outlet,  the  frequency  is  increased.  Without 
buffer  springs  the  amplitude  of  vibration  varies  in  propor- 
tion to  the  strength  of  the  current  through  the  reed  magnet, 
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but  the  frequency  is  wonderfully  uniform.     The  reed  is 
2  then  isochronous  in  the  acoustical  sense.     With  a  fixed 

J  amplitude  determined  by  the  buffer  springs  the  frequency 

■[  varies  with  the  strength  of  the  current.     The  reed  is  no 

^'  longer  isochronous.     Its  speed  becomes  very  sensitive  to 

'  variations  of  current,  and  can  therefore  be  controlled  by 

'J  controlling  the  current  to  the  reed  magnet.     If  the  circuit 

^  of  the  reed  magnet  35  is  traced  from  the  battery  38,  it  will 

be  found  that  it  has  two  break-points — one  at  the  contact  of 
the  tongue  39  of  the  governing  relay  28,  and  the  other  at 
the  reed  contact  40.  The  punching  and  governing  relays 
are  identical  in  all  respects,  and  they  are  driven  by  the 
same  power,  so  that  their  synchronism  is  perfect.  (They 
correspond  to  driven  wheels  only  a  few  inches  apart.)  The 
tongue  39,  therefore,  moves  in  exactly  the  same  time  as 
tongue  41.  Hence  as  long  as  tongue  39  oscillates  syn- 
chronously with  the  reed,  tongue  41  will  do  the  same — in 
fact,  the  two  relays  might  be  replaced  by  one  relay  with 
two  tongues.  The  back  and  front  stops,  42  and  43,  of  the 
governing  relay  are  electrically  united,  so  that  at  the  begin- 
ning and  end  of  a  main-line  signal  when  the  tongue  of  the 
governing  relay  crosses  from  one  contact  to  the  other,  there 
is  a  momentary  break  in  the  reed  magnet  circuit  during  the 
time  of  the  transit  of  the  tongue.  This  transit  time  can  be 
varied  to  a  considerable  extent  by  adjusting  the  position 
of  the  contact  stops.  Opening  the  contacts  increases  the 
governing  effect,  and  closing  them  diminishes  it.  The  reed 
magnet  35  breaks  its  own  circuit  at  40  in  the  usual  vibra- 
tory way.  If  the  reed  34  is  oscillating  in  synchronism  with 
the  relay  tongue  39,  then  full  vibratory  impulses  will  flow 
through  magnet  35,  as  the  two  contacts  at  39  and  40  will 
be  opened  and  closed  simultaneously.  But  if  the  reed  tends 
to  go  faster  than  the  arriving  signals,  then  the  two  contacts 
39  and  40  no  longer  open  and  close  together,  but  more  or 
less  alternately,  and  the  current  impulses  in  the  magnet  35 
are  more  or  less  clipped.  This  reduction  in  the  supply  of 
energy  to  the  reed  at  once  reduces  its  speed  till  the  contacts 
are  again  simultaneous.  In  practice  the  receiving  vibrator 
is  set  to  run  about  2  or  3  per  cent,  faster  than  the  arriving 
signals,  and  the  governing  action  of  the  two  interfering 
break-points  in  the  same  circuit  results  in  the  establishment 
of  a  steady  dynamic  balance  between  the  accelerating  tend- 
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ency  of  the  reed  and  the  retarding  tendency  of  the  arriving 
signals.  The  effect  is  exactly  the  same  as  that  produced  by 
twa  taps  in  a  water-pipe.  li  both  are  opened  and  closed 
together  the  water  flows  through  in  gushes  ;  but  if  they  are 
opened  and  closed  alternately  no  water  gets  through,  and 
more  or  less  water  gets  through  accordingly  as  the  taps  are 
opened  and  closed  more  or  less  alternately.  By  this  means 
the  relay  tongue  41  not  only  vibrates  at  the  same  speed  as 
the  reed  34,  but  preserves  the  same  phase — ^that  is  to  say, 
tongue  41  touches  contact  44  at  the  same  time  as  the  reed 
touches  contact  33,  even  when  the  reed  is  making  seventy- 
five  vibrations  per  second  (150  words  per  minute).  But 
the  tongue  41  does  not  move  for  every  vibration  of  the  reed. 
For  instance,  if  there  is  a  4-unit  marking  signal  coming 
over  the  main  line,  then  the  tongue  41  closes  on  its  punch- 
ing contact  44  for  an  interval  of  4  units*  duration,  and  the 
reed  then  makes  four  vibrations,  touching  the  contact  33 
four  times,  and  in  this  way  punching  four  successive  holes 
in  the  tape  by  the  alternate  actions  of  the  punching  and 
spacing  magnets.  The  transit  intervals  of  the  tongue  of 
the  governing  relay  28  might  be  said  to  be  like  the  teeth 
of  an  old  saw.  Some  are  there  and  some  are  not,  but  such 
as  remain  are  all  at  unitary  distances  from  one  another  (see 
line  4,  Fig.  487).  So  also  with  the  signals,  and  there  are 
always  enough  signals  to  govern.  Actually  one  correction 
per  letter  is  sufficient,  but  on  the  average  there  are  not  less 
than  two  and  a  half,  because  each  main-line  signal  gives 
two  corrections,  one  at  the  beginning  and  the  other  at  the 
end  of  the  signal.  As  a  matter  of  fact,  the  governing  action 
may  be  stopped  during  the  arrival  of  as  many  as  six  or 
eight  letters  without  upsetting  the  isochronism,  and  if  a 
line  disturbance  or  other  cause  throws  the  reed  out  of 
step,  it  comes  in  again  within  five  letter  spaces — that  is  to 
say,  in  half  a  second  at  a  hundred  words  a  minute.  The 
reed  is  only  in  step  as  long  as  signals  are  coming  over  the 
line,  and  it  goes  out  of  step  at  the  end  of  a  batch  of 
messages,  but  five  space  signals  at  the  beginning  of  a  new 
batch  of  messages  bring  it  in  again  ready  to  record  the 
messages.  By  this  arrangement  the  necessity  for  sending 
correcting  impulses  over  the  main  line  to  secure  isochronism 
is  avoided,  the  correcting  impulses  being  generated  locally 
from  the  arriving  letter  signals  tbemselves.    In  this  respect 
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the  Murray  system  has  followed  the  excellent  example  set 
by  the  Hughes. 

The  isochronism  diagram,  Fig.  487,  illustrates  the  co- 
operation of  the  current  impulses.  It  shows  a  section  of 
receiving  tape  punched  with  the  word  "  PARIS."  Beneath 
are  the  current  impulses,  indicated  by  black  bars.  Line  1 
shows  the  impulses  given  to  the  punching  magnet  by  the 
successive  contacts  of  the  reed  34  with  the  contact  33.  Line 
2  shows  the  uninterrupted  succession  of  impulses  to  the 
spacing  magnet  from  the  reed  contact  32.  Line  3  shows 
the  main-line  signals.  This  illustrates  the  great  saving  of 
line  signals  effected  by  the  special  arrangements  of  the 
collecting  and  distributing  mechanisms.  Without  these 
special  arrangements  it  would  be  necessarj'  to  transmit  over 
the  main  line  the  signals  shown  in  lines  1  and  2,  that  is  to 
say,  about  five  times  as  many  signals  as  are  now  required. 
Lino  4  shows  the  gaps  in  the  circuit  of  the  reed  magnet  35 
made  by  the  crossing  from  contact  to  contact  of  the  tongue 
39  of  the  governing  relay.  Line  5  shows  the  impulses 
generated  by  the  reed  contact  40.  As  long  as  these  im- 
pulses do  not  get  into  step  with  the  gaps  in  line  4  they  are 
not  interfered  with  ;  but  directly  they  do  they  get  clipped, 
as  shown  for  the  sake  of  illustration  in  the  second  half  of 
line  4.  The  speed  at  the  two  stations  can,  of  course,  be 
varied  by  altering  the  position  and  size  of  the  weights  on 
the  vibrating  reeds  at  the  two  stations. 

A  speed  of  no  less  than  900  letters  (150  words)  per  minute 
in  one  direction  has  been  reached  with  this  recording 
mechanism,  at  which  speed  the  punching  magnet  has  to 
punch  seventy-five  holes  per  second,  and  the  punching  and 
spacing  of  the  receiving  tape  have  been  perfectly  performed 
at  960  letters  (160  words)  per  minute,  or  eighty  holes  per 
second.  Even  this  is  not  the  limit,  and  it  is  possible  that 
the  speed  might  be  forced  up  to  even  1,200  letters  (200 
words)  per  minute.  As  half  the  time  is  required  for  spacing, 
the  punching  of  eighty  holes  per  second  means  that  the 
punching  magnet  operates  in  xJiytli  of  a  second.  As  it 
takes  a  pressure  of  about  2  lbs.  to  force  the  punch  through  the 
paper,  the  punching  magnet  can  not  only  operate  with  con- 
siderable speed,  but  also  with  considerable  power.  For 
ordinary  commercial  telegraphy  there  is  no  necessity  for 
such  high  speed,  and  it  is  probable  that,  if  the  Murray 
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system  comes  into  general  use  in  preference  to  other  systems 
the  speeds  required  will  be  from  about  240  letters  (40  words) 
up  to  about  720  letters  (120  words)  per  minute. 

The  transmitted  signals  having  been  correctly  distributed 
along  the  receiving  tape  45,  Fig.  492,  by  the  recording 
mechanism  just  described,  the  tape  may  then  be  used  in  its 
turn  for  again  transmitting  the  signals  over  other  circuits, 
or  it  may  be  run  through  the  printer  to  translate  the  signals 
into  printed  letters.  As  the  signals  when  retransmitted  are 
sent  on  in  as  perfect  shape  as  from  the  original  transmitting 
station,  it  is  possible  to  transmit  messages  in  this  way  at  a 
high  speed  to  any  distance  overland — ^from  London  to 
Calcutta,  if  need  be.  Owing  to  the  power  to  retransmit 
from  the  received  tape,  it  is  also  possible  to  transmit  mes- 
sages from  any  number  of  stations  A,  B,  C,  to  station  D, 
and  to  sort  out  the  messages  there  and  retransmit  auto- 
matically in  accordance  with  the  addresses  to  any  stations 
E,  F,  G,  any  one  or  more  of  which  may  again  retransmit 
messages  requiring  to  be  sent  on  still  further. 

The  Second  Translation  and  Printing. 

If  the  tape  is  not  required  for  retransmission,  then  the 
tape  signals  have  to  be  translated  into  Roman  letters  and 
printed.  The  essential  features  of  the  Murray  printer  are 
shown  in  the  general  diagram,  Fig.  492.  The  tape  is  fed 
along  letter  by  letter  (five  units  at  a  time)  by  a  star-wheel 
46,  carried  on  a  shuttle  47,  which  is  kept  reciprocating  in 
the  directions  shown  by  the  double  arrow  A-B,  by  means  of 
a  cam,  each  reciprocation  rotating  the  star-wheel  one  letter 
space  as  shown  by  the  arrow  C-D.  The  shuttle  carries  a 
die-plate  coinciding  with  the  circumference  of  the  star-wheel, 
and  having  five  holes  corresponding  with  the  message-holes 
in  the  tape.  Five  rods  48,  fixed  in  the  ends  of  five  slotted 
combs  49,  are  free  to  enter  the  five  holes  in  the  die-plate  if 
they  are  not  obstructed  by  the  paper  tape  which  passes 
between  the  rods  and  the  die-plate.  On  its  inward  stroke 
the  shuttle  with  its  die-plate  presses  the  tape,  with  a  letter 
group  of  perforations,  against  the  ends  of  the  five  rods  48. 
Rods  that  are  opposite  holes  in  the  tape  pass  through  into 
the  die-plate,  and  the  positions  of  the  corresponding  combs 
are  not  altered.     But  in  the  case  of  non-perforated  imits  of 
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tape  the  corresponding  combs  are  thrust  back  about  YEthi  of 
an  inch.  By  this  means  one  particular  group  of  slots  in  the 
combs,  and  only  one  out  of  fifty-six  is  brought  into  align- 
ment so  that  a  latch  or  cross-bar  50  can  drop  into  it. 
Although  only  four  latches  are  shown,  there  are  fifty-six  of 
these  small  levers,  one  for  each  of  the  fifty-six  permutations 
or  groups  of  slots.  The  latches  or  cross-bars  are  supported 
by  a  universal  bar  51  just  clear  of  the  teeth  of  the  combs. 
At  the  right  moment  this  bar  drops  in  the  direction  of  the 
double  arrow  F-E  and  leaves  all  the  cross-bars  resting  on 
the  combs  ;  but  only  one  out  of  the  fifty-six  is  selected  by 
the  particular  aligned  group  of  slots  corresponding  to  any 
particular  group  of  holes  in  the  tape. 

From  the  point  of  view  of  the  theory  of  machines,  the 
combs  form  a  complicated  system  of  fifty-six  inverse  per- 
mutation locks.  The  fifty-six  cross-bars  are  the  bolts  or 
latches,  and  the  universal  bar  51  is  a  universal  key.  The 
locks  are  continually  being  closed  in  different  ways  by  the 
tape,  and  the  universal  key  51  is  continually  opening  the 
locks.  The  tape,  however,  is  only  an  intermediary.  The 
locks  are  really  closed  selectively  by  the  keys  of  the  per- 
forators at  the  transmitting  station,  the  keys  of  the 
perforators  being  real  keys  in  the  ordinary  sense  of  the 
word,  and  not  nominal  keys  like  those  of  a  typewriter.  The 
letter  signals  sent  over  the  line  are  an  exact  copy  of  the 
wards  of  the  keys  of  the  keyboard  perforators.  This  intri- 
cate system  of  keys  and  locks  is  inevitable  in  all  cases 
where  complex  control  is  needed. 

Let  us  assume  that  latch  or  cross-bar  50  in  Fig.  492 
has  been  selected.  This  cross-bar,  under  the  action  of  its 
spring  52,  throws  a  hook  53,  attached  to  a  typewriter  key 
54,  under  a  striker-bar  55,  which  is  continually  oscillating 
in  the  directions  shown  by  the  double  arrow  G-H,  and  the 
typewriter  key  is  in  this  way  sharply  depressed  so  as  to 
print.  The  object  of  this  arrangement  is  to  secure  speed 
and  smoothness  of  action.  The  moment  the  hook  53  is 
engaged  by  the  striker-bar  55,  tlie  system  of  locks  can  be 
opened  by  the  universal  bar  51  and  close  again  with  a 
fresh  letter  permutation  simultaneously  with  the  printing 
of  the  last  letter.  This  arrangement  practically  doubles 
the  speed  of  the  printer.  The  shuttle  on  its  outward  stroke 
restores  the  combs  to  their  original  positions  by  means  of 
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the  plate  56,  which  engages  with  inward  projecting  teeth 
on  die  overhanging  ends  of  the  combs.  The  cycle  of 
operations,  including  the  rotation,  at  the  right  moment,  of 
the  star-wheel  46  through  one  letter  space,  the  reciprocation 
of  the  shuttle  47,  the  reciprocation  of  the  universal  key-bar 
51,  the  oscillation  of  the  striker-bar  55,  and  the  return 
of  the  combs  to  zero  position  ready  for  the  next  letter,  is 
performed  by  a  battery  of  cams. 

Although  in  the  Murray  printer  there  are  only  five 
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Fio.  494.— Method  of  socoriog  unuion. 


combs  with  rods  48,  there  is  a  sixth  comb  61,  which  in  one 
position  causes  figures  to  be  selected  and  in  the  other 
position  letters.  It  is  operated  by  two  special  cross-bars, 
one  each  end.  This  arrangement  is  shown  more  clearly  at 
A,  Fig.  492.  At  each  end  of  this  comb  will  be  noticed  a 
V-shaped  slot,  and  the  two  cross-bars  shown  in  section  at 
57  and  58  carry  wedge-shaped  pieces  for  striking  the  edge 
of  these  V-shaped  slots.  When  a  figure-shift  signal  is 
transmitted,  it  selects  the  figure  cross-bar  58.  This  drops 
into  its  group  of  slots,  strikes  against  the  sloping  edge  of 
the  figure-comb  slot,  and  moves  the  comb  jV^l^  o^  *ui  i^^h 
to  the  left  in  the  direction  J,  thereby  opening  the  figure- 
locks  and  closing  the   letter-locks.     A  letter-shift  signal 
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succeeding  a  group  of  figures  operates  57,  which,  restores 
the  figure-comb  to  its  original  position,  in  which  the 
machine  prints  letters.  If  the  letter-shift  signal,  ooooo 
(Caps),  is  repeated,  no  further  action  takes  place,  and  the 
printer  remains  idle  till  a  letter  signal  comes  along.  Thus, 
in  the  tape  at  59,  Fig.  492,  there  is  a  correction  consisting 
of  five  letter-shift  signals,  which  have  been  used  to  "  rub 
out"  a  wrong  word  of  five  letters.  For  the  reason  just 
given  the  printer  remains  idle  during  these  five  letter 
spaces,  and  there  is  no  trace  of  the  error  in  the  printed 
message. 

An  interesting  point  is  the  method  of  securing  unison. 
Tn  the  Murray  system  the  question  of  unison  is  removed 
from  the  line  to  the  tape.  As  with  the  Wheatstone  recorder 
tape,  it  is  a  question  of  correctly  dividing  up  the  signals 
on  the  tape.  With  the  five-unit  alphabet  each  letter 
occupies  five  units,  or  half  an  inch  on  the  tape.  Hence  to 
divide  up  the  signals  properly  we  have  to  start  at  the  right 
unit  and  then  measure  5  units  at  a  time.  The  star-wheel 
46,  Fig.  492,  does  the  measuring,  and  all  that  is  necessary 
is  to  place  the  tape  properly  on  the  star-wheel.  To  enable 
this  to  be  done  with  facility,  each  batch  of  messages  begins 
,  with  four  or  five  space  signals,  as  shown  in  Fig.  494  at  1. 
The  space  signal  is  a  perforation  in  the  third-unit  position. 
In  the  star-wheel  2  it  will  be  noticed  that  every  fifth  tooth 
is  omitted  and  the  vacant  tooth  positions  blackened.  The 
tape  7  is  inserted  in  the  machine  so  that  the  space  holes  1 
come  opposite  the  missing  teeth  of  the  star-wheel,  which 
show  up  black  through  every  fifth  central  hole  in  the  tape, 
as  shown  for  the  sake  of  illustration  by  the  blackened 
centre  holes  in  the  tape  opposite  the  space  signals  1.  The 
tape  is  then  in  unison.  In  the  event  of  its  not  being  in 
imison,  it  can  be  put  in  step  by  rotating  the  small  unison 
arm  3.  This  bags  up  the  tape  as  shown  at  4,  and  advances 
the  tape  on  the  star-wheel  to  the  extent  of  one  unit.  A 
maximum  of  four  and  an  average  of  two  revolutions  of  the 
unison  arm  3  brings  the  tape  into  step.  The  roller  5  is 
spring-pressed,  so  that  it  gives  way  and  permits  arm  3  to 
pass.  The  unison  arm  when  not  in  use  is  held  locked 
in  the  dotted  position  by  the  spring-tooth  6 ;  8  is  a  guide 
for  the  tape.  The  missing  teeth  in  the  star-wheel  and 
the  space  signals  show  at  a  glance  at  the  beginning  of  a 
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meseage  whether  the  tape  is  in  step.  If  a  line  interruption 
causes  the  unison  to  fail  in  the  middle  of  a  message,  two 
or  three  revolutions  of  the  unison  arm  by  the  attendant  sets 
all  right  again.  This  does  not  often  happen,  however, 
as  a  line  interruption  must  be  complete  for  at  least  seven 
letters  before  the  unison  can  be  affected.  Momentary 
interruptions  do  not  disturb  it.  Apart  from  occasioned 
line  interruptions  the  receiving  mechanism  perforates  the 
tape  with  surprising  accuracy.  On  short  circuit  it  will  run 
for  hours  without  making  a  single  false  perforation. 

In  regard  to  the  printing  of  the  messages  on  telegraph 
forms,  there  are  four  motions  of  the  sheets  of  paper  to  be 
provided  for,  two  horizontal  and  two  vertical,  as  follows  : — 

Tj    •       .  1  f  Letter  feed. 

^°"^°*^ \  Linefeed. 

^T    ,.    1  (  Column  feed, 

^^■^^^l        (  Page  feed. 

The  letter  feed  is  already,  performed  automatically  by 
the  typewriter.  To  provide  for  an  automatic  line  feed, 
there  is  a  small  letter-counting  device  on  the  keyboard 
perforators.  This  indicates  the  end  of  a  typewriter  line 
of  about  seventy  letters.  A  key  is  then  depressed  which 
punches  a  line  signal  in  the  tape.  This  is  transmitted  to 
the  receiving  station,  where  it  operates  a  special  key  of  the 
typewriter,  which  throws  in  a  clutch,  causing  automatic 
mechanism  to  pull  the  typewriter  carriage  back  to  the 
beginning  of  the  line.  The  same  action  provides  the 
column  feed  up  to  a  new  line  by  a  simple  arrangement 
used  in  most  modem  typewriters.  The  page  feed  is 
more  complicated  and  has  not  yet  been  made  completely 
automatic  in  any  printing  telegraph,  although  there  are 
several  automatic  page  feeders  giving  good  service  with 
printing  presses.  In  fact,  many  of  the  modem  illustrated 
magazines  are  printed  automatically  from  a  pile  of  cut 
sheets  by  this  means.  At  present,  in  the  Murray  system, 
the  page  feed  is  managed  as  follows:  A  stop  signal  is 
transmitted  on  the  tape  at  the  end  of  each  message,  and 
this  not  only  nms  the  typewriter  carriage  back  to  the 
beginning  of  a  new  line,  but  also  stops  the  printer.  The 
attendant  then  pulls  out  the  finished  message  by  hand,  and 
by  a  simple  device  it  automatically  tears  off  at  the  right 
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point,  leaving  the  next  telegrapH  blank  pulled  in  to  the 
right  starting  point.  The  attendant  then  presses  a  button, 
which  starts  the  printer  on  the  next  message.  The  process 
is  qiiite  rapid.  Later  on  it  may  prove  worth  while  to  make 
the  page  feed  completely  automatic.  The  printer  will  then 
feed  itself  from  a  pile  of  cut  telegraph  blanks,  and  toss  out 
the  finished  messages  like  tickets  from  a  cash  register. 
The  chain  of  mechanisms  will  be  completed  by  an  automatic 
folding  and  enveloping  machine,  which  will  fold  the  tele- 
grams and  thrust  them  into  transparent  envelopes  and  seal 
them  so  that  only  the  addresses  will  show  through. 

The  printer,  two  views  of  which  are  shown  in  Figs.  495 
and  496,  is  now  driven  by  a  small  motor  consuming  about 
40  watts  for  a  speed  of  140  words  per  minute.  This 
motor  also  supplies  the  power  for  automatically  returning 
the  typewriter  carriage  to  the  beginning  of  a  new  line. 
Fig.  497  is  a  general  view  of  a  set  or  "station"  of  the 
apparatus.  Only  one  keyboard  perforator  is  shown  ;  but 
in  practice  three  or  four  are  needed. 

Capacity  of  the  Murray  System. 

The  speed  of  the  printer  is  now  not  less  than  900  letters 
(150  words)  per  minute,  and  the  automatic  portion  of  the 
mechanism  runs  perfectly  up  to  about  200  words  a  minute. 
Unfortunately,  however,  no  typewriter  yet  constructed  will 
stand  the  strain  of  more  than  about  720  letters  (120  words) 
a  minute  in  continuous  service.  The  received  tape  may 
be  divided  into  sections  and  run  through  two  printers 
when  the  apparatus  has  to  be  worked  at  top  speed.  Under 
existing  conditions,  however,  high  speeds  for  handling 
commercial  messages  are  for  many  reasons  undesirable, 
and  a  maximum  of  120  words  a  minute  in  each  direction 
seems  to  meet  all  requirements. 
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QUADRUPLEX  0IRCUIT8,  NEW  8TANDABD 
ABRANGEMENT8. 

OWING  to  sparking  at  the  relay  contacts  and  to  other 
causes,  the  "  B  "  side  arrangement  shown  upon  page  277 
was  modified  to  that  illustrated  upon  page  824,  but  this  has 
quite  recently  been  improved  by  adding  a  50"  resistance 
coil  and  by  placing  the  adjustable  resistance  coils  in  the 
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Fia  498.— LatcBt  arrangement  of  the  '*  B"  aide. 

path  along  which  the  condenser  acts  (Fig.  498).  The 
50*  coil  has  for  its  object  the  prevention  of  sparking  due  to 
the  heating  of  the  contacts  which  would  result  from  the 
heavy  rush  of  current  vid  the  condenser  when  the  circuit 
was  completed.  The  capacity  of  the  condenser  (Fig.  499) 
may  be  made  either  2,  4,  or  8  m.f.s,  according  to  the 
necessities  of  the  particular  line,  whilst  the  resistance  may 
be  varied  from  100  to  700«  by  gradations  of  100-.  In 
this  way  the  duration  of  the  discharge  of  the  condenser  and 
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self-induced  current  from  the  sounder  coils  may  be  modified, 
thus  increasing  or  reducing  the  time  during  which  the 
magnetization  of  the  sounder  cores  is  maintained  when  the 
circuit  is  broken.  It  may  be  added  that  tlie  device  has 
proved  eminently  satisfactory,  and  that  the  difficidties 
encountered  with  the  earlier  methods  have  been  entirely 
eliminated. 
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Fio.  499.— Hothodfl  of  joining  up  the  condenMr. 

The  full  connections  of  a  quadruplex  up  station  worked 
with  primary  batteries  are  shown  in  figure  501.  It  will  be 
observed  that  a  9-terminal-2-position  switch  has  been  added, 
and  that  its  functions  are  similar  to  those  of  the  4-bar 
switch  shown  on  page  507.  When  the  switch  is  turned  to 
simplex  its  connections  are  as  indicated  in  Fig.  500,  with 
the  results  : — (1)  D  and  U-circle  of  the  non-polarized  relay 
are  directly  connected ;  (2)  the  right  terminal  of  the  **  A  " 
key  is  disconnected  from  the  split  and 
connected  to  the  lower  right  hand 
terminal  of  the  galvanometer,  and  (3)  the 
centre  termini  of  the  key  is  joined  to 
D  of  the  "  A  "  side  relay.  It  will  there- 
fore be  apparent  that,  in  simplex 
working,  the  received  current  passes 
through  the  line  coil  of  the  galvano- 
meter, both  coils  of  the  A  side  relay  only, 
through  the  compensation  circuit  coil  of 
the  galvanometer  and  rheostat  to  earth  whilst  the  sending 
current  passes  to  line  through  the  line  coil  of  the 
galvanometer. 

Upon  circuits  under  100  miles  in  length  the  battery 
power  upon  the  "B"  side  local  circuit  consists  of  13 
Bichromate  cells,  whilst  above  that  length  22  cells  are  used. 
The  resistance  coil  marked  "  B  "  in  Fig.  501  has  a  resist- 
ance of  50    plus  the  resistance  of  the  "  B  "  side  battery. 


Fio.  500.— Switch  connec< 
tions  at  simplex. 
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whilst  the  coil  C  should  have  a  value  equal  to  the  resist- 
ance of  the  coil  A  and  the  whole  battery.  The  "  A  "  key 
should  be  of  the  latest  type  with  adjustable  contacts  and 


should    momentarily     short-circuit    the     battery    during 
reversal. 

The  connections  required  at  a  down  station  are  obtained 
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by  reversing  (1)  the  wires  on  the  upper  and  lower  ter- 
minals of  the  galvanometer ;  (2)  by  the  wires  on  D  and  U 
circle  of  the  relay ;  and  (3)  the  battery  connections  of  the 
**A"  side  key. 


Wheatstone  working  upon  the  "A"  side  may  be  pro- 
vided for,  but,  as  the  connections  required  are  quite  obvious, 
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no  further  comment  should  be  necessary.  In  special  cases 
the  principle  illustrated  in  Fig.  293,  pa^e  510,  is  occasion- 
ally adopted,  a  neutral  relay  and  a  relaymg  sounder  being 
employed  increase  the  power  upon  the  B  side  when  the 
transmitter  is  running. 

A  universal  battery  worked  quadruplex  up  station  is 
depicted  in  Fig.  502,  from  which  it  will  be  observed  that  a 
9-terminal-2'position  switch  takes  the  place  of  the  4-bar 
switch  shown  on  page  508.  The  switch  for  measuring 
currents  has  been  omitted  in  the  latest  arrangement,  as  also 
has  the  bridging  coil,  the  latter  being  necessary  only  upon 
very  short  circidts  (see  page  507).  The  "B"  side  is 
arranged  precisely  as  in  Fig.  501,  and  there  is  nothing  which 
is  not  quite  obvious  from  the  previous  consideration  of 
Figs.  292  and  501. 

Wheatstone  working  upon  the  A  side  is  readily  provided, 
and  there  is  nothing  in  the  connections  which  calls  for 
comment  save  that  in  special  cases  the  principle  illustrated 
upon  page  510  is  employed  to  increase  the  power  upon  the 
B  side  whilst  the  transmitter  is  running.  In  the  latest 
arrangement  the  only  changes  from  the  connections  shown 
on  page  510  are,  (1)  the  substitution  of  a  9-terminal  for  the 
4-bar  switch ;  (2)  the  omission  of  the  "  current  measuring  " 
switch  ;  (3)  the  omission  of  the  bridging  coil ;  (4)  the  sub- 
stitution of  the  "  B  "  side  local  circuit  shown  in  Fig.  498. 
It  will  be  obvious  that,  in  this  case,  the  upper  contacts  of 
the  divided  lever  must  not  be  withdrawn,  since  they  are 
employed  to  complete  the  circuit  of  the  neutral  relay  when 
the  transmitter  is  running. 


SECTION    F. 

EXAMPLES  ON  THE  CALCULATION  OF  THE 
CAPACITY  OF  CIBCUITS. 

THE  average  value  of  the  capacity  K  in  microfarads  of  an 
aerial  wire  d  mils  in  diameter,  h  mils  above  the  ground, 
and  I  miles  in  length,  may  be  obtained  from  Eempe*8 
formula : — 

__     -06161 

The  number  '0616  is  an  experimentally  determined  con- 
stant and  refers  to  wires  erected  in  this  country. 

Example,  What  is  the  average  capacity  per  mile  of  a 
70  lb.  bronze  wire  (diameter  66  mils)  suspended  30  feet 
above  the  ground  ? 

y  ^        0616  X  1       _0616  _.Ai.5>^^ 
^-,      4x360;0Q0— 4.34"-  ^^*^  '^'^' 
^^« 66- 

The  capacity  K  in  electrostatic  imits  of  two  co-axial 
cylinders  I  cms.  long  separated  by  a  material  having  a 
specific  capacity  fe,  where  D  is  the  outside  diameter  of  the 
inner,  and  d  the  inside  diameter  of  the  outer,  cylinder  is 
given  by  the  formula  : — 

*  The  proof  of  this  formala,  involying  a  simple  application  of  calcolns, 
is  given  in  the  more  advanced  of  the  elementary  treatises  on  electricitjr ; 
see  J.  J.  Thomson's  **  £lements  of  the  Mathematical  Theory  of  Electricity 
and  Magnetism,"  page' 08. 
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This  formula  may  be  applied  to  the  case  of  a  cable  core, 
and  taking,  for  example,  a  mile  of  7\  G.P.  wire  (D  =  174 
mils,  d  =  50  mils,  and  k  =  4*2),  and  putting  the  whole  of 
the  dimensions  in  centimetres,  the  capacity 

1760  X  36  X  2-54  x  42    ,    ,      ,  ,. 

= zTf^ jT^rr  elcctro-static  units. 

o ,  ^  -174  X  254 

^^"g'    05x2-54 

Dividing  by  9  X 10*  to  convert  the  result  in  static  units  to 

micro&rads,  and  also  multiplying  the  denominator  by  2'3026 

to  convert  the  natural  into  a  common  logarithm,  the  capacity 

is 

1760  X  36  X  2*54  x  42  .o^,      , 

=-. 301  mi. 

2  X  2-3026  X  logio4^x  9  x  10* 
'05 

a  result  which  agrees  very  closely  with  the  specification 
(see  page  515.) 

As  a  further  illustration  of  this  formula  it  will  be  inter- 
esting to  apply  it  to  the  case  of  a  screened  conductor  cable, 
and  so  determine  the  approximate  specific  capacity  of  the 
air  and  paper  dielectric  (all  paper  with  exception  of  the 
small  helical  air  space) — 

X21oge^ 
k  =  -     —where  K  is  in  static  units. 

L 

Substituting  the  figures  for  a  230  mil  core  having  a  50 
mil  conductor,  expressing  the  capacity  of  one  mile  of  cable 
(095  m.f.)  in  static  units,  and  converting  to  common 
logarithms : — 

•095  X  9  X  10*  X  2  X  23026  x  log  *f JJ^-S 
^  '050  X  254 

^  "  1760  X  36  X  2-54 

~  1'62  as  compared  with  the  4'2  of  G.P. 

A  few  simple  problems  based  upon  the  formula  for  the 
capacity  of  two  co-axial  cylinders  are  given  by  way  of 
conclusion — 

Example  I,     Find  the  relative  capacities  of  two  G.P. 
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cables  of  equal  length,  A  having  a  conductor  100  mils  in 
diameter  and  a  core  of  200  iials,  whilst  B  has  a  200  nul 
conductor  and  a  500  mil  core  (log  2  =  SOlOS)— 


A:B: 


Ik  Ik 


9i«„    200    «,  „    500 
21og.  ^    21og.  ^ 


i.e.  A:B::log^:log2 

::logl0-log4:-30103 
But  log  10  =  1  and  log  4  -=  2  log  2 
.-.A-.B::  39794  :  30103 

ExamjAe  II.  Find  the  relative  capacities  of  one  mile  of 
G.P.  covered  cable,  A  80  mil  conductor  and  100  mil  core 
and  B  120  mil  conductor  and  180  mil  core,  given  log  2  = 
•30103  and  log  3  =  -47712— 

4  .  w  . .  1«„  180  . ,  „  100 
A:B::logj2^:log-g^ 

or      a     T>      1      3     1       10 
A  :  B  : :  log  ^  :  log  ^ 

or    A  :B  ::log3-log2  :  l~31og  2 
A:B::  17609  :  '09691 

Example  III.  Compare  the  working  speeds  of  two 
G.P.  cables  of  equal  length  A,  having  a  60  mil  conductor 
with  a  total  diameter  of  100  mils,  and  B  having  a  100  mil 
conductor  insulated  with  G.P.  85  mils  thick  (log  2  = 
•30103  and  log  3  =  '47712). 

Notes.  The  working  speeds  may  be  assumed  to  be  in- 
versely proportional  to  the  KRs,  and  as  the  lengths  are 
equal  the  resistances  are  inversely  proportional  to  the 
squares  of  the  respective  conductor  diameters.  The  total 
diameter  of  the  core  B  =  270  mils — 

Let  Bai  Bb,  ^a,  ^b,  Sa,  Sb  ,  represent  the  resistances, 
capacities,  and  speeds  of  the  cables. 

Ba  :  Bb  : :  1002  :  qq^ 

ir    .  r    . .  In.,  270     ,       100 
K^.K^..  log  ^  :  log  ^ 
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or     Za  :  ^B  : :  3  log  3- 1  :  l-(log  3+log  2) 
i,e.   Za  :  JTb  : :  -43136  :  22185 

^A  •  Sb  '  *  -K^B  ^  'fi'B  •  -i^A    X  -Ka 

Sa  :  Sb  : :  '22185  X  lOO^  :  '43136  X  60^ 
i.e,   Sa  :  Sb  : :  22185  :  15539 

Example  IV.  What  must  be  the  thickness  of  the  G.P. 
insulation  in  order  that  a  100  mil  conductor  shall  have  the 
same  capacity  per  unit  length  as  a  120  mil  conductor  having 
a  core  diameter  of  200  mils  ? 

1      200       ,        X 
I  ^^«I20  =  1^«100 

!  .    200  _    « 

•  •  120  ~  lob 

i.e.  sc  =  167  mils 
The  thickness  of  the  G.P.  covering  is  therefore — 
167-100  ^33j^i,3 
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USEFUL    NUMBERS, 


Conversion  of  Lengths,  Weights,  etc. 


1  inch  = 

1  yard  = 
1  mil. 

1  sq.  in.  = 

1  cubic  iD.  = 

1  grain  = 

1  ounce  = 


1  kilogramme  or  1000  grammes  =  2^1bs.  approx. 


2*54  centimetres 

1  cm. 

= 

•3987  in. 

91*44  centimetres 

1  metre 

= 

39*37  ins. 

•0264  millimetres 

1  mm 

= 

39*37  mils. 

6*4516  sq.  cms. 

1  sq.  cm. 

= 

1550  sq.  in 

16*387  c.  cms. 

1  cubic  in 

.  r= 

*06102  c.  cm. 

*064799  gramme 

1  gm. 

= 

15*432  grains 

28*3495  grammes 

1  gm. 

= 

035274  oz. 

I.)  =  453*59  gms. 

1  gm. 

= 

•0022046  lb. 

The  gramme  is  the  mass  of  a  cubic  centimetre  (t.  e.  1 
millilitre)  of  water  at  a  temperature  of  4°  C. 

1  gallon  of  water  occupies  '1604  cubic  foot  and  weighs 
10  lbs.  at  62«  F. 


Centigrade  and  Fahrenheit  Temperatures. 

To  convert  temperatures  in  the  Falirenheit  scale  to  the 
corresponding  Centigrade  temperature  deduct  32°  and  take 

Q  of  the  result. 

9 
To  convert  Centigrade  to  Fahrenheit  multiply  by  =  and 

add  32°. 
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Circles  and  Spheres. 

Let  r  =  radius,  and 

d  =  diameter. 
Circumference  of  a  circle  =  2  ir  r  —  vd 

Area  „  „  =     ^  r«  =  ^cP  =  7854  d^ 

Surface  of  a  sphere  =  4  ^  r*  =  ir  cP 

Volume     „         „  =  q  ^  ^  -  g  ^' 


Constants. 
^  =  31415926536  or  31416  approx.  or  roughly  ^ 

ir2=  9-86965;  J  ir  =177245;  ^  =  -31831 

Angle  for  which  the  arc  is  equal  to  the  radius,  1  radian, 
=  57-2958^  =  343775'  =  206265'' 

Base  of  natural  logarithms  =  27183 

To  convert  common  to  natural  logarithms  multiply  by 
2*3026  and  by  '4343  to  convert  natural  to  common 
logarithms. 

Weight  of  1  lb.  in  London  --=  445,000  dynes. 

1  foot-pound  =  1*3562  X  10^  ergs. 

1  horsepower  =  33,000  foot  lbs.  per  minute  =  746  watts. 

Value  of  the  acceleration  of  gravity  =  32182  feet,  or 
981*17  cms.  per  second,  i.  e,  the  force  of  gravity  =  981*17 
dynes. 

Heat  Produced  by  a  Current. 

1  calorie  =  heat  required  to  raise  1  gramme  of  water  at 
4°  C.  to  5°  C. 

Joule's  equivalent  J  =  42  X  10*  ergs  per  calorie. 

The  heat  H  generated  in  a  circuit  of  R  ohms  resistance 
by  a  current  of  C  amperes  in  t  seconds. 

H  =  24  C^Rt  =  -24  ECt  =  24  ^  fc 
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SECTION  H. 
STANDARD    WIRE    GAUGE. 


DkiiiGtQr, 

Diameter« 

No. 

Arftfl,  in 

No. 

1 

JLrea  in 

S. 
.W. 
G. 

Mih 
(-00 

';      Miiii- 

,     metres. 

square 
inches. 

S. 
W. 
G. 

Mils. 
(001 
incb.) 

1 
Milli-  i 

i 

square 
inches. 

000462 

7/0 

500 

12-70 

-1963 

23 

24  • 

■610        ^ 

6/0 

464 

11-78 

-1691 

24 

22^ 

■550 

000380 

6/0 

432 

10-97 

•1466 

25 

20  • 

■503 

0003H 

4/0 

400 

10-16 

-1257 

26 

18^ 

■457 

000254 

8/0 

372 

9-45 

•1087 

27 

16^4 

'417 

000211 

2/0 

848 

8-84 

-0951 

28 

14^8 

■376 

000172 

0 

324 

8-23 

•0824 

29 

18-6 

■345 

000145 

1 

300 

7-62 

•0707 

30 

12-4 

■315 

000121 

2 

276 

7-01 

•0598 

31 

11-6 

■29B     ■ 

000106 

8 

252 

6-40 

•0499 

32 

10-8 

^274     i 

0000916 

4 

232 

6-89 

•0423 

33 

10-0 

'254 

0000785 

6 

212 

6-38 

-0353 

34 

9-2 

■234 

Q0O0605 

6 

192 

4-88 

-0290 

85 

8^4 

'213 

0000554 

7 

176 

4-47 

•0243 

86 

7^6 

093 

0000454 

8 

160 

4-06 

•0201 

37 

6^8 

■173 

0000363 

9 

144 

3-66 

•0163 

38 

6^0 

052 

OO0028S 

10 

128 

3-25 

•0129 

39 

6  2 

■1S2     i 

0000212 

11 

116 

2-96 

•0106 

40 

4^8 

■122     1 

00001 SI 

12 

104 

2-64 

-0085 

41 

4^4 

'112 

0006162 

13 

92 

2-34 

•00666 

42 

4^0 

O02 

0000126 

14 

80 

2  03 

•00503 

43 

86 

^0914 

0000102 

15 

72 

1-83 

•00407 

44 

8-2 

■0313 

00000804 

16 

64 

1-68 

•00322 

45 

2-8 

^0711 

00000616 

17 

66 

1-42 

•00246 

46 

2  4 

■0610 

00000452 

18 

48 

1-22 

•00181 

47 

2-0 

^0508 

00000314 

19 

40 

1-016 

•00126 

48 

1-6 

•0406 

00000201    i 

20 

36 

•914 

•00102 

49 

12 

*0305  . 

00000113 

21 

82 

•813 

•000804 

60 

10 

•0264  1 

•000000785 

2. 

28 

'711 

^000616 

1 

SECTION  I 
SYLLABUSES  OF  EXAMINATIONS. 

I. — Departmental  Technical  Examination  for  Assistant 
Superintendent  or  Superintendent  (Telegraphs). 

(P.O.  circular  No.  355  of  25th  October,  1904.) 

The  subjects  of  examination  are  as  follows  : — 

I.     Crossing  and  looping  wires  with  facility   and 
certainty. 
II.     Tracing  and  localizing  faults  in  instruments. 

III.  Tracing  and  localizing  permanent  and   inter- 

mittent earth,  contact  and  disconnection  faults 
on  wires. 

IV.  Methods    of    testing   the    electro-motive    force 

and    resistance    of   batteries,   and   a  general 
knowledge  of  the   essential   features  of  the 
various  description  of  batteries. 
V.     System  of  morning  testing,  with  the  necessary 

calculations  in  connection  with  the  same. 
VI.     Making  up  special  circuits  in  cases  of  emergency. 
VII.     Joining-up  and  adjusting  single  needle,  single 
current,  and  double  current  Morse,  both  sim- 
plex and  duplex,  and  Wheatstone  apparatus. 
VIII.     Fitting  a  Wheatstone  transmitter  to  an  ordinary 
key  worked  circuit. 
IX.     A  general  knowledge  of  the  principles  of  Quad- 

ruplex  working. 
X.     Measuring  resistances  by  the  Wheatstone  Bridge. 
XI.     A  general  knowledge  of  Telephone  Switchboards 
and  of  trunk  line  working. 
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At  Offices  where  there  is  an  amalgamated  staff  for  Postal 
and  Telegraph  work,  Officers  are  required  to  pass  the  test 
before  promotion  to  the  rank  of  Assistant  Superintendent 
(or  of  Superintendent  where  there  is  no  Assistant  Super- 
intendent) if  there  are  Telegraph  duties  proper  to  the  class 
at  the  Office  concerned.  But  in  determining  the  standard 
of  attainment  required  in  these  cases  the  nature  of  the 
Telegraph  duties  at  the  particular  Office  is  taken  into 
account. 

All  Officers  who  have  attained  the  rank  of  Assistant 
Superintendent  or  Superintendent  at  any  Office  %vithout 
passing  the  examination  will  be  required  to  do  so  before 
promotion  to  higher  Superintendentships. 

II. — City  and  Guilds  of  London  Institute. 
Syllabus  of  Examinations  in  Telegraphy  and  Telephony. 

The  Examination  will  include  questions  founded  on  such 
subjects  as  the  following  : — 

Ordinary  Grade. 

1.  The  fundamental  principles  of  electricity  in  their 
application  to  the  Electrical  Engineering  industries. 

2.  Units  of  Measurement.  Standards  of  resistance,  their 
practical  construction  and  adjustment ;  electro-motive  force 
and  capacity ;  effects  of  temperature  variation. 

3.  Galvanometers — principles  and  manufacture  of — 
(a)  absolute,  (6)  sensitive,  (c)  dead  beat,  (d)  astatic, 
(e)  differential.     Shunts,  ordinary  and  constant  resistAnce. 

4.  Resistance  coils — construction  of  ;  gauge  and  kind  of 
wire  ;  methods  of  winding  and  insulating. 

5.  Condensera — construction  and  testing  of. 

6.  Induction  coils — construction  and  principle  of  employ- 
ment. 

7.  Call  bells — magneto  and  battery  bells ;  magneto 
generators  and  their  construction. 

8.  Instruments  necessary  for  the  equipment  of  an  elec- 
trical testing  room — (a)  for  land  telegraph  lines,  (b)  for 
cables ;  methods  of  using  the  apparatus  in  the  simpler 
forms  of  testing  ;  apparatus  required  by  linemen. 

9.  Electrical  testing  as  applied  to  the  inspection  of 
apparatus  and  to  the  detection  and  removal  of  faults. 
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10.  Faults  in  land  and  submarine  lines  ;  their  nature, 
and  the  general  principle  of  localization. 

11.  Essential  qualities  of  iron  and  steel  for  temporary 
and  permanent  magnets  respectively ;  methods  of  making 
permanent  magnets  ;  treatment  of  iron  for  electro-magnets  ; 
simple  calculations  as  to  the  effective  power  of  a  permanent 
magnet  or  an  electro-magnet. 

12.  The  construction  of  telegraph  and  telephone  lines, 
overhead  and  undergroimd. 

13.  Metallic  circuit  system  of  working  telephones  and 
its  advantages  ;  inductive  disturbances  and  methods  of 
overcoming  them  ;  theory  of  such  methods. 

14.  The  construction  of  submarine  cables,  and  the 
simpler  of  the  phenomena  connected  with  cables. 

15.  The  simpler  systems  of  telegraphy  worked  by  hand, 
including  the  double  current  duplex. 

16.  Batteries  used  in  telegraphy  and  telephony  ;  prin- 
ciples, action,  and  construction  ;  methods  of  grouping ; 
xmiversal  battery  working  ;  application  of  secondary 
batteries  to  xmiversal  working. 

17.  The  principles  involved  in  the  electrical  transmission 
of  sound  and  speech  ;  the  various  systems  of  telephony 
and  the  instruments  employed  therein,  including  receivers, 
transmitters,  call  bells,  and  exchange  switchboards. 

18.  Nature  of  and  methods  of  preventing  disturbances 
by  earth  currents. 

19.  Testing  of  materials  employed  in  the  construction  of 
lines  and  apparatus. 

20.  Methods  of  protecting  circuits  and  apparatus  from 
lightning  and  from  other  extraneous  heavy  currents. 


Honours  Grade. 

Candidates  for  Honours  must  have  previously  passed  in  the.  Ordinary  Grade. 

In  the  Honours  Examination,  which  may  be  either  in — 
I.  Telegraphy,  or  II.  Telephony,  more  difficult  questions 
Tvill  be  set  in  the  subjects  of  the  Ordinary  Grade,  and  in 
addition  a  knowledge  will  be  required  of  : — 

SECTION  I.— TELEGRAPHY. 
1.  The  systems  of  high  speed,  quadra plex,  multiplex, 
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and  typeprinting    telegraplis    actually  in  use  in  Great 
Britain. 

2.  The  manufacture,  laying,  testing,  working,  and 
repairing  of  submarine  cables. 

3.  Practical  methods  for  the  supply  of  current,  other 
than  by  primary  batteries. 

4.  The  commercial  adaptability  of  the  various  systems 
of  telegraphy. 

5.  Explanation  of  theory  of  the  Wheatstone  Bridge, 
tangent  galvanometer,  and  reflecting  galvanometer. 

6.  Repeaters — principles  and  construction  ;  employment 
and  adjustment ;  for  single  and  double  current,  simplex 
and  duplex,  and  high  speed  circuits. 

7.  Causes  limiting  the  speed  of  automatic  telegraph 
working,  and  methods  of  reducing  their  effect. 

8.  Daily  and  other  periodical  tests  in  theory  and  practice. 

9.  Wireless  Telegraphy, 


SECTION  II.— TELEPHONY. 

1.  Transmitters  and  Receivers — ^various  forms,  construc- 
tion and  special  features  ;   adjustment ;  materials. 

2.  Translation  from  single  wire  to  double  wire  systems 
and  from  circuit  to  circuit  by  means  of  condensers  and  of 
induction  coils. 

3.  Methods  of  working  telephones  and  telegraph  instru- 
ments simultaneously  on  the  same  wire  ;  theory  of. 

4.  Conditions  which  limit  the  distance  to  which  tele- 
phonic transmission  is  possible  ;  use  of  iron  and  copper 
wires. 

5.  Individual  calls  for  several  stations  on  one  circuit — 
theory  and  practical  arrangement. 

6.  Exchange  switchboard  systems  for  single  and  for 
double  wires.     Multiple  switches. 

7.  Switches,  Intermediate,  &c. 

8.  Automatic  Call  Boxes. 

9.  Hughes's  Induction  Balance. 

It  should  be  understood  that  generally  the  introduc- 
tion of  suitable  illustratiA-e  diagrams  in  answers  is  to  be 
desired. 


INDEX 

NOTES 

1.  All  diagrams  of  connections  are  indexed  under  CoDnections. 

2.  Everything  relating  to  Secondary  cell  working  and  the  Universal 
Battery  System  is  shewn  under  Universal  Battery  System. 

3.  All  problems  and  numerical  examples  are  indexed  under  Numerical 
Examples. 

A 

A  and  B  wires,  793 
A.B.C.,  346 

,,    ,,  action  in  sending,  349,  358 

,,    ,,  bell,  clockwork  type,  360 

,,    ,,     „  ,  combined  indicator  and,  351 

„    ,,     ,,  ,  switch,  352 

„    ,,  communicator  generator  form,  346,  352 

I,    ,,  „  old  form,  355 

,,    ,,  contact  maker,  357 

,,    ,,  current  wave  for  one  revolution,  354 

,,    ,,  endless  chain,  355  ' 

,,    ,,  escape  wheel,  347 

,,    ,,  generator,  magnetic  circuit  of,  353 

,1    >»         n        ,  theory  of,  352 

,,    ,,  indicator,  346 

,,    ,,         „         re -setting  of,  350 

,,    ,,  keys,  356 

,,    ,,  leak  working,  360 

,,    ,,  pallet  springs,  848 

„    „  pawl  arm,  357 

,,    ,,  ,  position  of  armature,  369 

,,    ,,  ,  resistance  of  coils,  360,  361 

, ,    , ,  spur  wheel,  357 

,,    ,,  superimposed  on  telephone,  820 
Absolute  galvanometer,  87 
Absorption,  651 
Accidents,  708 

Accumulator.     See  Secondary  cells 
Acids,  definition  of,  811 
Acoustic  dial  or  Neale's  coils,  180 
Adapters  for  iron  poles,  700 

Adjusting  resistance  for  intermediate  circuits,  602,  603 
Aerial  cables,  730 

,,        ,,      ,  dry  core,  731 

,,        „      ,  suspenders,  731 

869 


870  INDEX 

Aerial  cables  suspending  wire,  731 

Aerial  Lines  :  — 

alterations  to,  726 

connected  to  underground,  794,  801 

construction  of,  656 

diagram  of  section  of,  729 

diversions,  726 

factor  of  safety  of,  722 

general  principles,  727 

on  iron  poles,  658 

on  railways,  canals,  roads,  and  private  property,  656 

renewals,  725 

right  angle  turns,  729 

surveying,  726 

survey  book,  727 

use  of  interruption  cable,  726 

V.  underground,  656,  657,  741 

overhouse  lines.     See  Overhouse 
Agglomerate  Lcclanch^,  26 

„  6-block,  27 

Air.      Sec  Dry  air 
Air  cap,  750,  787 

,,  ,,  ,  closing  of,  787 

,,  pump,  787 
Air-space  cable.     See  Cable 
Amalgamation,  18 
Ammeter,  461 
Ampere,  detiuition  of,  12 

,,  hours,  44 

,,  turns,  76 

Anion,  814 
Anode,  814 
A  poles.     See  Poles 

Apparatus  and  circuit  resistance  related,  76 
Armature,  165,  174,  187,  189,  190,  191,  195, 199.  308,  346,  361,  358,  355 

362,  363,  372,  404,  405,  418,  520,  537,  538,  648,  546 
Armoured  cable,  742 
Ann  bolts,  663 

„   gauge,  663 
Arms,  BuUer's  iron,  700 

,,    ,  canting  of,  667 

, ,    ,  channel  iron,  740 

,,    ,  double  arming,  728 

,,    ,  earth-wiring  of,  663 

,,    ,  extension,  726 

,,    ,  iron,  662,  737 

,,    ,  karri  wood,  662 

„    ,  oak,  662  * 

,,    ,  painting  notches  for,  663 

,,    ,  preservative  process,  662 

,,    ,  sizes  of,  662 

,,    ,  spacing  of,  663 

,,    ,  wiring,  725 
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AiTesters.      See  Lightuing  protectors 

Artiticial  Hue,  823 

Astatic  needles,  99 

Atom,  809 

Atomic  weight,  814 

Auto  relay,  522 

„    switch,  509,  520 
Automatic  cut  out,  482 

,,         system,  definition  of,  291 

,,         systems.    See  Wheatstone  and  Murray 

B 
Baker's  fluid,  677 

Battery  coils,  237,  280,  324,  341,  493,  503,  506 
Battery,  definition  of,  7 

,,      power,  calculation  of,  53 

,,  ,,     ,  simplified  rules,  627 

,,      resistance  and  speed  of  working,  513 

, ,      symbol  for,  44 

Baitbries  : — 
Cells,  annual  cost  of  maintenance,  42 
,,  ,  arrangement  of,  43 
,,  ,  ,,  „   ,  choice  of,  47 

,,  ,  „  „  I  for  efficiency,  48 

,,  ,  ,,  „   ,  for  maximum  power,  48 

,,  ,  ,,  „   ,  formula  for  best  arrangement,  49 

„  ,  capacity  of,  44 
r,  ,  ,,        »  test  for,  43 

,,  ,  characteristics  of,  38 
,,  ,  diiference  of  potential  at  poles  of,  62 
,,  ,  elements  positive  and  negative,  20,  812 
,,  ,  E.M.F.  in  multiple  arc,  46 
,,  ,     ,,  „  parallel,  45 

„  ,     „  „  series,  45 

,,  ,  first  cost,  42 
, ,  ,  ideal,  characteristics,  41 
„  ,  limits  of  E.M.F.  and  resistance,  40 
,,  ,  number  to  furnish  a  given  current,  52 
,,  ,  poles  and  elements,  20,  812 
,,  ,  primary.     <Sw  Dry  cell.  Bichromate,  Daniell,  Leclanch^,  Clark, 

and  Sealed  Standard 
,,  ,  purposes  used  for,  39,  40 
„  ,  resistance  in  multiple  arc,  46 

,,  ,,  parallel,  45 

„  ,        ,,  ,,  series,  44 

,,  ,  secondary.      See  Secondary  cells 
„  ,  simple  voltaic,  18,  812 
,,  ,  size  and  E.M.F.,  19 
,,  ,        ,,      resistance,  74 
„  ,     ,,  E.M.F.,  resistance,  and  capacity,  43 
, ,  ,  tabulated  comparison  of,  40 
„  ,  voltaic,  18,  812 
, ,  ,  wrongly  connected,  49 
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Battery  testing,  128 

»t  M       >  capacity  of  cells,  43 

»»  i»       ,  E.M.F.  by  direct  deflection,  128 

"  '»„-,_♦'        ,        »»  ,  best  conditions,  128 

> »  II     Ji.  M.  F.  eq  iial  current  method,  131 

»»  '»        »»  II  11  ,  errors  involved,  133 

»»  ti        II        Potentiometer  method,  135 

»»  II         II         Kayleigh's,  138 

»i  II  .    M        summary  of  methods,  142 

II  „  internal  resistance,  diminished  deflection  method  146 

li?^^     V         "  »»     ii^s 

Mmrhead's  method,  149 

Thomson's        „        147 
Wheatstone  bridge,  149 
»»  .        it  II  secondary  cells,  160 

testing-board,  159 
„         instrument,  150 

E.M.F.  test,  151 
internal  resistance  test,  156 
percentagefall  of  E.M.F.,  152 
shunts,  153 
winding  of  coils,  159 
^  -.-         .^  '-  ..        Q  and  I  detector,  654 

B.A.  unit,  13 
B.  Kick,  272 
B.O.T.  unit,  17 
Bells,  A. B.C.,  350,  351 
Bells,  Bright's,  198 

Bichromate  cell,  28  . 

I,  ,,     chemical  action,  29 

>i  II     defects  to  be  avoided,  31 

If  ,,     secondary  reactions,  31 

II  n      setting  up,  30 

i»  II      3-pint  size,  81 

Binders  for  copper  wire,  676 
Blocks  and  ropes.     See  Tackle 
Bobbin,  length  and  diameter  of  wire  to  fill.  77 
Boiler  plate,  765 
Bonding  bolts  and  clips,  762 
Bouchcrizing,  661 
Boulton  creosoting  process,  660 
Boxes.     See  Flush  boxes  and  Buried  boxes 
Brackets,  double  horizontal,  736 
„  vertical,  735 

„  single,  736 

Braziers,  786 
Bridge  duplex,  330 
I,  ,,     ,  advantage  of,  330 

J I  III  battery  resistance  coils,  836 

I,  ,,     ,  compensation  circuit,  balancing,  336 

If  II     I  double  current,  334 

'»  Ml      II  ,,    ,  both  keys  at  rest,  834 

»»  »»     '       II  If    I  intermediate  position  key,  336 

»»  »i     I      II  „    ,  one  key  down,  335 
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Bridge  duplex,  effect  of  earth  currents,  631 

,,  ,,     ,  readiug  condenser,  387,  339 

,,  ,,     ,  resistance  of  arms,  333 

,,  ,,     ,  self -inductance  of  sending  circuit,  341 

,,  ,,     ,  signalling  condensers,  837 

,,  M     f       n  )»  )  action  of,  338 

,,  f,     f      ji  jt  ,  summary  of  action  of,  389 

,,  „     ,  single  current,  intermediate  position  of  key,  383 

M  n     in  „      ,  principle,  331 

Bridging  coil,  286,  605,  507,  819 
Britannia  joint,  676 
Bronze  wire.     See  Wire 
Bullers'  bonding  bolts  and  clips,  762 

,,         iron  arms,  700,  738 

„  ,,    poles,  697 

Buried  boxes,  771 

c 

Cable  Aie  Space  and  Papeb  Core,  759 
A  and  B  wires,  793 
aerial,  731 
armoured,  742 
capacity  of,  768 
compared,  760 
composite,  770 

conductor  joints,  201b.  and  40  lb.,  785 
„  „    ,  70  lb.  and  over,  784 


spacing  of,  786 
thini 


corrosion  of  sheathing,  761 

„        ,,      ,,  precautions,  761 

desiccation  of,  788 

double  solid  plugs,  795 

dry  air,  uses  of,  787 

drying  of  joint,  786 

earthing  of,  in  boxes,  762 
,,        ),  ,  in  manholes,  757 

insulation  and  dry  air,  788 

lay  of,  and  colour  of  paper,  785 

lead  sheathing  joint,  783 

lengths  of,  777 

lubrication  of,  782 

multiple  twin  type,  771 

numbering  of,  793 

overlap  for  jointing,  783 

paper  core  cable,  760,  767 

plugs  double  solid,  795 
, ,      single  solid,  794 

pulling  in,  777 
,,        ,,  ,  motor  winch,  780 
,,        ,,  ,  into  joint  boxes,  782 
,,        ,,  ,  choice  of  direction  of,  783 
,,        ,,  ,  lubrication,  782 

quadruple  pair  type,  770 

renewal  of,  797 
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Cable  Air  Space  and  Paper  Core — continued 
renewal  of  G.  P.  by,  796 

,,        „       ,,      ,,   subsidiary  dram  method,  797 
screened  conductor,  760,  767,  796 
,,  ,,        ,  details  of,  768 

serving  offices  en  route^  795 
sheathing,  locating  defects  in,  788 
single  lead  covered  conductor  type,  770 
single  solid  joint,  794 
solid  joint,  794 
speed  of  working  on,  516 
tail  ending  of,  797 
testing  of,  652 

tests  during  constraction,  790 
,,     for  air-tight  condition  of  cable,  788 
,,      „        ,,  „       „  joints,  787 

,,      ,,  continuity  of  wires,  791 
,,      ,,  correct  jointing,  791 
,,      ,,  dryness  of  joint,  786 
,,      ,,  insulation  of,  791 
,,      ,,  ,,  ,  maintenance  tests,  791 

,,      ,,  ,,  ,  when  very  large  number  ofwireF,  791 

,,      ,,  localizing  defects  in  sheathing,  788 
,,      ,,  numbering  of  wires,  793 
,,      ,,  wiped  joint,  787 
twin  typos,  770 
twisting  in  pairs,  766 
V.  G.P.  cable,  760 
variable  lay,  767,  770,  771 

,,         „    jointings  of,  786 
wiped  joint,  787 
worming  pairs,  770 
Cable  bearer,  758 
„     clip,  778 

,,     connection  boxes,  574,  585,  792 
,,  „  fixing  of,  793 

„  „  gas  plug  for,  793 

,,  ,,         gun  metal  linings,  792 

,,     distributiou  heads,  794 
,,    drums,  777 
n     grip,  779 

,,        ,,   protecting  sleeve  for,  779 
,,     G.P.,  cutting  wires  in  and  out,  775 
,,         ,,     defective  joints,  774 
„         ,,    jointing  of,  772 
,,        ,,     length  pulled  in,  772 
,,         ,,     numbering  of  wires,  776 
,,        ,,    pulling  in  of,  771,  772 
,,         ,,     renewal  of,  774 
,,        ,,     replaced  with  dry  core  cable,  796 

,,        ,,         ,,  „      ,,     ,,        „      subsidiaiy  drum  method,  797 

,,         ,,     spacing  of  joint  boxes  for,  772 
„     G.P.  V.  air  space  cable,  760 
,,     head,  788 
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Cable  paper  core,  760,  767 

„        ,,    capacity  of,  768 
racking  grip,  782 
screened  conductor,  760,  767,  796 
single  condactor,  lead  covered,  770 
supports,  766 
Calcinm  cnloride,  787 
Canting  of  arms,  667 

Capacity,  14,  211,  223,  248,  317,  338,  612,  615,  628,  639,  758,  768,  771, 
863 
,,        and  temperature,  75 
„        effects  of,  on  signals,  211,  317 
,,      ,  electrostatic  unit  of,  8 

,,        graphic  representation  of,  and  charge  on  line,  249 
,,        of  air  space  cables,  761 

condensers,  211,  213,  214 

,,  in  cascade  or  scries,  216 

,,  ,,  parallel,  215 

gutta-percha  wires,  768 
paper  core  cables,  768 
plate  condenser,  214 
screened  conductor  cables,  768 
various  types  of  line,  515 
,,      ,  practical  unit  of,  14 
„      ,  quantity  and  jwtential,  14 
,,      ,  specific  inductive,  218 
„      ,      „  „  of  substances,  214 

Caulking  iron,  743 

Colls,  testing  of.     See  Battery  testing 
Cement  mortar,  747 
Chambers,  700 

Charging  of  line,  time  of,  258 
Charring  of  pole  butts,  659 
Chatterton's  compound,  773 
Chemical  compound,  810 

,,        symbols,  810 
Chemistry,  Notes  on,  809 
Chimney  comer  irons,  735 
Choking  coil,  822 
Circuit,  definition  of,  11 
,,      earth,  as  return,  162 
„      internal  and  external,  18 
„      line  and  local,  208 
,,      loaded,  514 
,,      magnetic,  165 
„      metallic,  630 
,,      silencer,  538 

„  „      details  of  valves,  540 

Circuits,  closed  and  open  circuit  working,  175 

,,     ,  compensation,  234 
Circular  brush,  747,  778 

„      peg,  403 
Clark  cell,  12 

,,      ,,    chemical  action  of,  35 
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Clark  cell,  E.M.F.  of,  34 

„       „     use  of,  126,  131,  134,  137,  138 
Closed  circuit  working,  175 
Coach  screws,  696 

Coils,  battery,  237,  280,   324,  341,  493,  503,  606 
,,    ,  condenser,  108,  258,  502,  511 
„    ,  duplex,  333,  397,  504 
,,    ,  electro-magnetic  duplex,  397 
,,      induced  needle,  Neale's,  180 
„  „  ,,     ,  necessity  for,  177 

,,  ,,  ,,     ,  Spagnoletti's,  178 

„     ,  Varley's,  177 
leak,  521,529,  535 
resistance,  105 

,,  double  winding  of,  112 

»»  gauge  of  wire,  110 

,,  metal  cased,  489,  506 

,,  temperature  at  which  correct,  110 

,,  type  of  wire,  109 

„  single  plug    type,  108 

retardation,  108,  258 
J  spark,  280 

Combination  duplex.     See  Single  current  sounder  duplex 
Combined  resistance.     See  Joint  resistance 
Communicator,  A. B.C.,  348,  352,  355 
Commutator,  single  needle,  176,  181 

,,  ,,  „     ,  early  form,  202 

„  used  with  D. P. S.,  199 

Compass,  4 

Compensating  resistance  for  shunts,  117 
Compensation  circuit,  234 
Compo,  747 
Compressor,  788 
Concentrator,  402 

„  ,  A. B.C.  circuits,  403 

,,  ,  balancing  resistances,  410 

,,  ,  battery  power,  410 

,,  ,  circuits  to  be  worked  on,  403 

,,  ,  clearing  signal,  408 

,,  ,  cords,  407 

,,  ,  general  arrangement,  412 

,,  ,  indicators.     Srr,  Indicator 

,,  ,  operation  of,  407 

,,  ,  sounder  circuits,  single  and  double  currents,  412 

,,  ,  time  signal,  408,  410 

Concrete,  constituents  of,  680 

„     ,  uses  of,  680,  747,  755 
Condenser,  211 

,,       ,  dielectric,  choice  of,  217 

,,  discharge,  221 

„  I,       I  oscillatory,  221 

,,  Ml  time  of,  257 

,,  for  cutting  otf  earth  currents,  630 

„       ,  insulation  of,  220 
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Condenser,  Mansbridge's  method  of  manufactnre,  217 

,,  ,  purposes  for  which  used,  149,  249,  259,  260,  276,  282,  313, 
316,  824,  827,  337,  426,  500,  503,  508,  510,  521,  530,  532, 
535,  630,  815,  819,  821,  822,  825,  855,  856 

„  shunted,  16,  313,  326,  500,  521 

„  specification  of  insulation  and  capacity,  220 

„         7i  ra.f.,  219 
Condensers,  joint  capacity  in  cascade,  216 

„  „  „         ,,   parallel,  215 

,,  ,,  ,,         ,,  series,  216 

„  readins,  326 

„  signalling,  326,  338,  823 

Conductance,  56 
Conductivity,  72 

„  periodical  test,  643 

Conductor,  10 

„  resistance  tests,  641 

,,  ,,  ,,      periodical,  643 

Conductors  and  temperature,  74 

„  factors  determining  resistance  of,  63 

Conduits,  742 

I,      ,  cleaning  and  testing,  778 

Connections  : — 

A.  B.C.    ,Vc«jA.B.C. 
Battery  testing  board,  160 

,,  ,,       instrument,  153 

Cells  in  multiple  arc,  46 
,,    ,,  parallel,  45 
,,    ,,  series,  46 
Concentrator,  407 

,,  double  current  sets,  409 

„  single        „         ,,  ,  408 

,,  working  sets,  408,  409 

Diplex,  receiving  end,  289 

„      ,  sending  end,  288 
Direct  sounder,  171 

,,  ,,       ,  3-station  circuit,  172 

,,      writer,  174 
Double  current  sounder,  228 

„      .duplex,  262 
,,      plate  sounder,  200 
Duplex.    Se6  Connections :— Single  and  Double  current  Sounder  and 

Purves 
E.M.F.  test,  equal  current  method,  132 
,,         ,,  ,  potentiometer  method,  136 
,,         ,,  ,  Kayleigh  compensation  method,  138 
Fuse,  heat  coil,  and  protector,  579 
Galvanometer  and  shunt,  114 

,,  ,,    universal  shunt,  121 

„  P.O.  tangent,  90 

Heat  coil,  fuse,  and  protector,  579 
Hughes,  duplex,  399 
,,      ,  simplex,  392 
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Connections— con/tnMed 
Insulation  testing  set,  649 
Intercommunication  system,  circuit  normal,  418 
„  M      ,       I.      through,  419 

„      ,  engaged  test,  423 
,,  ,,      ,  Purves*  duplex,  426 

Internal  resistance  test,  Kemne's  method,  149 
,,  „  ,,  ,  Muirnead*8  method,  149 

„  ,  Thomson's,  147 
Key,  double  current,  226 
,,     single       ,,      with  switch,  495 
,,        „  ,,      6-tenninal,  409 

,,     6-terminal  reversing,  493,  606 
Keys  in  quadruplex  working,  606 
Localizing  contacts,  613 

,,         disconnections,  611 
„         earths,  610 
Morning  test,  skeleton  connections  of  various  tests,  603 

„  ,  switch  tablet,  602 
Murray  loop  test,  646 
Purves*  duplex,  426 
Quadruplex  A  side  relayed,  642,  544 

condenser  B  side,  277,  853 
,,  relaying  sounder  B  side,  275 

,,  repeater,  549 

,,  skeleton  diagram,  268 

,,  superimposing, 

,,  up  station,  282,  855 

Relay  P.O.  Standard  A,  193 
Repeater,  Bridge  on  cable  side,  532 
,,      ,  duplex,  principle,  527 
,,  ,,     ,  leak  circuit,  630 

„      ,  forked,  535 
,,      ,  quadruplex,  549 
,,      ,  simplex,  621 
,,      ,  test  box  connections,  541 
Resistance  box,  106 
Rheostat  "C,"  112 
Shunt  and  galvo,  114 
,,      universal,  121 
Single  current  sounder,  207 
,,  ,,  ,,        duplex,  combination,  237 

,,  ,,  ,,        full  connections,  242 

opposition,  233 
Sounder.     See  Double  current ;  Smgle  current 
Sounder  silencer,  538 
Steljes,  leak  working,  369 
,,     ,  series  working,  368 
Test  box,  changes  at,  553 
,,     ,,      detector,  617 
,,     ,,      double  current  sounder,  552 
,,     ,,    ,  switch  spring  type,  662 
,,     ,,      U-link  type,  559 
„     „    ,  test  tablet   7-hole,  618 
,,     ,,        ,,       „     ,  22-hole,  619 


INDEX  879 

Connections — coniinued 
Universal  Battery  System : — 
Double  plate  sounder,  490 
Double  cQirent  sounder  duplex,  499 

„        principle,  498 
,,  ,,  „  ,,        Bridge  method,  504 

,,  ,,  ,,  ,,        intermediate  offices,  497 

,,  ,,  ,,  ,,        up  and  down  offices,  496 

Keys  for  quadniplex  working,  506 
Quadruplex,  608,  856 

,,  ,  Wheatstone  on  A  side,  510 

Single  current  sounder  duplex,  494 
„  ,,  ,,       up  and  down  offices,  492 

,,  ,,  ,,       intermediate  offices,  493 

Single  Needle  commutator,  487 

,,  ,,        up,  down  and  intermediate  offices,  488 

Switch  quadruplex  and  single,  507,  854 
Test  box  speakinff  set,  511 
"Wheatstone,  Bridge  duplex,  504 
,,  duplex,  503 

,,  intermediate  working,  501 

,,  transmitter,  500 

,,  up  office,  500 

Varley  loop  test,  644 
Wheatstone  A.  B.C.  series  working,  360 

,,  ,,       leak  working,  361 

Wheatstone  Bridge,  636 

,,  ,,     ,  Murray  test,  646 

,,  ,.     ,  Pomeroy  test,  647 

,,  ,,     ,  Varley  test,  644 

,,  duplex  set,  324 

„  ,,       switch,  323 

,,  ,,    ,  Bridge  method,  340 

,,  ,,       improved  differential,  327 

,,  receiver,  312 

,,  simplex  set,  321 

„  transmitter,  320 

Connecting  link,  780 
Constant,  122,  126 

„      ,  insulation  testing  set,  649 
,,      ,  tangent  galvanometer,  122,  124 
Construction  of  aerial  lines,  656 

,,  ,,  overliouse  lines,  732 

,,  ,,  underground  lines,  741 

Contact,  localization  test  for,  612 

,,   ,  loop  test  for  position  of,  647 
Container,  788 

Controlling  magnet,  88,  92,  125 

Convolutions  of  wire  on  galvanometers  and  relays,  76,  92 
Copper,  Matthiesson's  standard  for,  footnote  68 
,,        taping  of  cable  cores,  768 
,,         wire.     See  Wire 
Cordeaux  insulator,  666 
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Cords,  407 

Cost  of  batteries,  41,  42 
,,    ,,  iron  poles,  658 
,,    ,,  open  V.  covered  wires,  656,  741 
Coulomb,  14,  211 

,,        meter,  102 
Covered  wire  fault,  615 
Crane  grease,  761 
Creosote,  quantity  injected,  660 
Creosoting  process,  669 
Cross-connection  frames,  574,  585 
,,  ,,  strips,  561 

,,  ,,  wires,  686 

Crosses,  656,  659,  624 
Crossing  wires,  566,  624 
Curbing,  318 
Current,  absolute  detcnm'uation  of,  87 

,  deflection  of  compass  needle  by,  83  ► 

,  direction  of,  10 
,  eddy  cuiTents,  97 
,  effects  of,  7,  81 
,  measurement  of,  81,  119,  461 
to  work.     See  under  the  particular  type  of  instrument 


Daniell  batterj%  12,  20 

,,  ,,        chemical  action,  22 

, ,        E.  M.  F.  and  internal  resistance,  40 
I J  ,,        large  and  small,  24 

,,  ,,         setting  up,  23 

,,        size  of  plates,  21 

use  of,  40,  173,  174,  206,  209,  230,  245,  266,  288,  345 
410,  641,  605,  617,  637 
J,        use  of  water,  sulphuric  acid,  and  zinc  sulphate  22 
,,       standard  cell,  37 
Dead  beat  galvanometer,  97 
Deafeners.     See  Silencers 
Decay  of  timber,  659 
Deck  troughing,  758 
Deflection  of  magnetic  needle,  niles,  10 
Demagnetization,  conditions  for,  166,  189,  197 
DerricKing  poles,  705 
Desiccator,  787 
Detector  Q  and  T,  654,  775 

,,       figure  of  merit  of,  654 
,,       resistance  of,  664 
!!       ,  test  box,  617 
„       .    „      „,C  type,  618 
Dial,  Neale's  acoustic,  180 
Dielectric,  211 

,,        polarization,  661 
„        strength,  769 
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Difference  of  potential,  2 

„         ,,         „  at  poles  of  cells,  62 

Differential  duplex.     Sec  Duplex 
,,  galyanometer,  235 

uses  of,  242,  262,  282,  321,  324,  327,  340,  399, 
494,  499,  500,  501,  603,  604,  508,  610,  511,  521,  531,  533, 
642,  544,  549,  561,  618,  619,  821,  822,  824,  855,  866 
,,         winding,  91 
,,  „       test  for,  197 

Dip.     See  Sag 
Diplex,  288 
Direct  sounder,  171 

,,  ,,        battery  power,  173 

,,  ,,        current  required,  173 

,,  ,,        duplex,  235 

,,  ,,        intermediate  stations,  172 

,,  ,,         u  single  current  sounder,  209 

,,     writer,  duplex,  244 
Discharger,  541 
Disconnection,  localizing,  611 
Disruptive  discharge,  211 
Distribution  of  cnn-ent  in  divided  circuits,  58 

Double  Current  Sounder: — 
battery  power,  230 
converted  to  work  single  current,  229 
current  required,  230 
faults,  229 
path  of  current,  229 
principle,  222 
duplex,  245 

,,      aids  to  memorizing  connections,  261 

,,      arrangement  of  compensation  circuit,  256,  258 

, ,      battery  power  for,  266 

,,      both  keys  at  rest,  247 

,,      capacity  balance,  effects  if  defective,  258 

,,  ,,  ,,     ,  relative  values  both  ends,  260 

„  ,,  ,,     ,  practical  adjustment  of,  264 

,,  ,,      effect  on  working,  248 

,,      condenser  and  line  discharges,  path  of,  252 

, ,      summary  of  ditto,  256 

,,      conditions  required  for  duplex  working,  246 

,,      effect  of  loss  on  line,  266 

„      faults,  265 

,,      one  key  depressed,  248 

,,      resistance  balance,  262 
Double  current  system,  222 

„  ,,  ,,      advantages  of,  222,  225 

,,  „  ,,      effect  of  reverse  current  on  charge  on  line,  223 

Double  plate  sounder,  198 

,,         „  ,,        adjustment,  203 

,,         ,,  ,,        arrangement  of  apparatus,  203 

„         ,,  „         faults,  205 

,,         ,,  ,,         path  of  current,  201 
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Double  plate  sounder,  plate  sounders,  199 

„        „  „  „  „      ,  figure  of  merit,  206 

„        „  „  „  „      ,  resistance,  202 

Double  split,  237 

,     sulphation  theory,  432 
„      winding  of  resistance  coils,  112 
Down  station,  170 
Draw  tongs,  710,  720 
,,      vices,  710 
,,      wire,  744,  777 
Drop  indicator,  405 
Drum  barrow,  709 
Dry  air  plant,  787 
,,     ,,       ,,       motor  driven,  788 
,,     ,,      ,,      uses  of,  787 
,,     battery  2-celI,  775 
,,        „        10-c.ell  and  resistance  coil,  41 
,,     cells,  31 
,,         ,,     Ej.\j,L/,f  32 
,,        ,,     Gassner,  32 
„        ,,     Hellesen,  33 
,,        ,,     Obach,  33 
,,        ,,     uses,  40,  599,  648 
,,     core  cable.    See  Cable  air  space  and  paper  core 
,,    joints,  643 
„     rot,  669 
Ductility,  669,  671,  672,  673 
Duct  routes,  746 
Ducts,  742 
„    ,  multiple  way,  749 
„    ,  spacing  of  joints,  748 
„       V,  pipes,  746 
Duplex.      See   Bridge    duplex,   Parves    duplex,    direct    writer   duplex, 
single  current  duplex,  double  current  duplex,  Hughes  duplex, 
Wheatstone 
differential,  opposition  method,  232 

,,        ,  ,,  ,,        intermediate  position  of  key,  234 

,,        ,  ,,  ,,        use  of  non-polarized  relay,  235 

resistance  coils,  325,  505 
electro-magnetic  coils,  397 
Dyne,  3 

E 

£arth  as  return  path,  162 
clip,  164 
connection,  164 
currents,  628 

,,       ,  bridge  v.  differential  duplex,  631 
,,      ,  elimination  of,  in  testing,  640,  641 
,,      ,  remedies,  630,  631 
faults,  localizing,  610 
plate,  164 
,,     test  for  position  of,  644,  645 
Earthing  of  cables  in  manholes,  757 
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Earth  connection  for  protectors,  573 

,,     fault,  Murray  ,,     „  ,  645 

,,       ,,    ,  Varley  teat  for,  644 

,,     resistance  of,  164 

,,     test  for  resistance  of,  647 

,,     wire  as  lightning  conductor,  678 

„     wiring,  677 

,,         ,,        of  arras,  663 

,,         ,,        poles  on  viaducts,  678 

,,        ,,       use  of  copper  wire,  678 
Elarth's  magnetic  field,  82 
Ebonite,  664 
Eden,  151,  587 

Eden  Mornino  Test:— 
advantages  of,  588 
conversion  of  readings,  600 
fault  at  centre  of  circuit,  594 
localization  tests  with  tangent,  605 
perfect  current,  595 
position  of  a  fault,  602 
practical  arrangements,  597 
principle,  587 
received  current,  595 
resistance  of  fault,  597 
routine  of  test,  601 
sent  current,  595 
single  wires,  605 
value  of  testing  E.M.F.,  597 
verification  of  battery  E.M.F.,  599 
E.C.C.  dry  cell,  32 
Eddy  currents,  97,  174 
Electricity,  1 

,,         ,  dynamic,  7 
,,        ,  positive  and  negative,  1 
,,         ,  static,  1 
,,         ,  voltaic,  7 
Electrification,  651,  768 
Electrode,  814 
Electrolyte  814 

Electrolytic  damage  to  cables,  761 
Electromagnet,  75,  164 

,,         ,,     ,  demagnetization  of,  167,  197 
,,        ,,     ,  figure  of  merit  and  resistance,  77 
Electromagnetic  bridging  coils,  397 
,,  cut  out,  483 

,,  effects  of  current,  7 

,,  induction,  352 

,,  inertia.     See  Self-induction 

,,  leak,  398 

Electromotive  force,  11 
E.M.F.  of  Clark  cell,  34 
,,      definition  of,  11 
„      unit  of,  11 
Electrons, /oo^no^  7,  814 
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Electro-static  capacity.    See  Capacity 
Electro-static  ind action.     See  Induction 

„        ,,      lines  of  force,  212 
Element,  810 
Elements  and  poles,  20,  812 

,,       positive  and  negativo,  20,  812 
Engaged  test,  422 
E.P.S.  secondary  cell,  441 

Equalizing  resistance  for  intermediate  workings,  488 
Erg,  3 
Ewiug,  804 

Examination  syllabuses,  865 
Extension  arms,  726 
Extra  current.     See  Self-induction 
Eye  spike,  740 

F 

Factor  of  safety  and  sag  of  wire,  709 

,,      ,,      .,      of  open  lines,  722 
False  zero,  641 
Farad,  definition  of,  14 
Farady,  769 

Fast  repeater.     See  Repeater 
Fault  at  centre  of  circuit,  594 
Faults,  arrangements  for  removal  of,  608 

,,     ,  causes  of  line  faults,  619 

„     ,  covered  wire  faults,  615 

„     ,  in  apparatus,  186,  205,  208,  229,  243,  265,  286 

,,     ,  localization  tests  for  contacts,  612 

,,     ,  ,,  if    if   disconnections,  611 

,,     ,  ,,  ,,     M    earths,  610 

,,     ,  ,,  ,f     ,1    inteimittent  faults,  614 

,,     ,  ,,  ,,     with  tangent,  605 

,,     ,  Murray  test  for  position  of,  646 

,,     ,  necessity  for  earth  connection  when  localizing  contacts,  612 

„       on  dry  core  cables,  798 

,,     ,  vaiious  types  of,  609 

,,     ,  Varley  test  for  position,  of,  644 
Faulty  circuits,  making  good  of,  623,  624 
Figure  of  merit,  104 

,,       ,,      ,,      and  resistance  of  gal vo  or  electromagnet,  77 

„       ,,      ,,      of  differential  gal  vo,  236 

,,       ,,     ,,      ,,  direct  writer,  175 

,,       ,,      ,,      ,,  galvanometers,  104,  105 

,,       ,,      ,,      ,,  local  inker,  210 

,,       ,,      „      „  needle  coils,  179 

,,       ,,      ,,      ,,  plate  sounders,  206 

,,       ,,      ,,      ,,  relaying  sounder,  188 

„       ,,      ,,      „  Siemen's  relay,  197 

,,       ,,      ,,      ,,  single  current  galvo,  206 

,,       ,j      .,      ,,  sounders,  168 

,,       ,,      ,,      ,,  standard  relay  A,  195 

t»       it      i>      M        >>  tt     S>  1^5 

Finials  tor  pol&s  062,  802 
Fir,  658,  662 
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Fire  pots  on  roofs,  738 
„      precautions  against,  583 
,,  -proof  chamber,  584 
Fitzgerald,  484 

Float  for  transport  of  cables,  778 
Fluids,  depolanzing  and  exciting,  20 
Flush  boxes,  dimensions  of,  751 

,,         „    ,  extra  large,  762 
Force,  definition  of,  8 

„     of  attraction  between  charged  bodies,  3 

,,     ,,        ,,  „        magnetic  poles,  6 

,,  ,  unit  of,  3 
Forces,  parallelogram  of,  720 

„     ,  triangle  of,  718 
Forked  repeater,  534 
Forking  wires,  656 
Fuse  insulator,  680 
Fuses,  464,  466,  474,  489,  570,  576,  800 

,,    ,  position  for  protection  from  power  circuits,  581 
Fuller's  mercury  bichromate,  28 


Galvanometer,  81 

,,  ,  absolute,  87 


,  astatic,  99 

,  ballistic,  102 

,  constant  of,  122,  126 

,  controlling  magnet,  88,  92,  125 

,  D'Arsonval,  100 

,  ,,       ,  advantages  of,  102 

,  ,,        ,  damping  of,  102 

,  ,,        ,  pointer  type,  102 

dead  beat   97 
',  differential,  235,  242,  262,  282,  321,  324,  326,  327,  340, 
399,  494,  499,   600,    601,  503,  604,  608,  510,  611,  521, 
631,  633,  642,  544,  549,  561,  618,  619,  821,  822,  824, 
855,   856 
differential  winding  of,  91 
figure  of  merit.     See  Figure  of  merit 
Gaugain  or  Helmholtz,  84,  85 
horizontal,  93,  636,  648 
Kelvin,  high  grade,  98 

,,       mica  vane  for  damping,  99 
,,       original  form,  95 
, ,       scissors  magnet  control,  99 
,,       simple  form,  98 
parallax  error,  89,  94 
P.O.  tangent,  88,  118,  597 
,,  ,,      ,  angle  of  maximum  sensitiveness,  119 

,,  ,,      ,  connections  of,  90 

,,  ,,      ,  constant  of,  122 

,,  .1      ,        ,f  I  verified,  123 

, ,  , ,      ,  dimensions  of,  88 

,,  ,,      ,  number  of  convolutions,  91 
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Galvanometer,  P.O.  tangent,  resistance  of  coils,  91 

,     ,,  ,,      ,  short  circuiting  key,  89,  91 

,  Q  and  I  detector,  654 
,  reflecting,  94 

,,       ,  constant  of,  126 

,,       ,  correction  of  deflection,  96 

, ,       ,  damping  of,  96 

,,       ,  lamp  and  scale,  97 

,,       ,  principle  of,  95 

gPTl  Bl  f".!  VflTI  fiHfi     104 

'  single  current,  169,  171,  200,  228,  408,  409,  490,  492,  493, 
496 
,,  ,,     ,  resistance  of,  170 

,     „  „     ,900«,423 

^  skew  scale,  90 
,  tangent,  84 

,,      ,  corrections,  84 
,,      ,  diameter  of  coil,  92 
,,      ,  essential  features  of,  84 
,,      ,  method  of  dividing  the  scale,  86 
,,      ,  number  of  convolutions,  92 
,,      ,  scale,  85 

,,      ,  sensitiveness  and  resistance,  93 
,,  '  shunt.     See  Shunt 

,,  ,  Thompson.     See  Galvanometer,  Kelvin 

Galvanizing,  671 
Game  guards,  730 
Gas  battery,  428 
,,   pipe  and  earth  connection,  164 
„   plug,  788 
Gassner  dry  cell,  32 
Gauging  disc  for  C.I.  pipes,  743 
Generator,  846,  352 
German  silver,  109 
Gladstone  and  Tribe,  432 
Glass  for  insulators,  664 

„     tube  fuse.     See  Fuse 
Godfrey's  electromagnetic  leak,  400 
Graduator,  815 
Guards,  hook,  696 
„     ,  stay,  687 
Gutta  percha.     See  Wire 

„  ,,      effect  of  pressure,  75 

„  „  ,,     ,,  temperature  changes,  75 


Hard  drawn  copper.     See  Wire 

Hardie,  515 

H-armature,  358 

Hart  secondary  cell,  443 

Heat  coil,  613,  574,  577 

„       „    A  type,  577 

„       „    B     „      578 

,,       ,,    and  protector  strip,  582 
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Heat  coils  and  fases,  principle  governing  fittings  of,  580 

)>      »>  >  protectors  D,  and  fuses,  679 
Heariside,  Oliver,  514,  515 
Hellesen  dry  cell,  33 
Henry,  16 

Hole-digging  for  poles,  Q80 
Hook  guards,  696 

Horizontal  galvanometer,  93,  636,  648 
Horsepower  and  watts,  17 

Hughes'  Apparatus  :— 
adjustment  of,  395 
armature  released,  386 

„         replaced,  378,  388 
change  over  letters  and  figures,  384 
characters,  order  of,  385 
chariot,  871,  378 
conventional  signals,  394 
correcting  cam,  388 

„         for  synchronism,  388 
„         wheel,  383 
detent,  390 

disconnection  of  magnet  coils,  377,  388 
duplex,  897 

,,      halancing,  401 

,,      resistance  coils,  397 

„      signalling  condensers,  397 
earthing  of  line,  376 
electromagnet,  372 

„  ,  adjustment  of,  374 

,,  ,  resistance  of  coils,  374 

electromagnetic  duplex  coils,  397 

,,  leak,  398 

figure  blank  key,  878 
governor,  376 
keyboard,  371,  378 
letter  blank  key,  378 
manipulation,  893 
motive  power,  376 

number  of  characters  printed  per  revolution,  382 
night  bell,  393 
paper  movement,  389 

,,      moving  cam,  388 
pin  plate,  381 

preparations  before  connection  to  line,  394 
principle,  370 
printing  axle  cams,  388 

,,        ,,     entrained,  387 

,,       cam,  388 
rejector,  380 

retardation,  effects  of,  396 
speed  of  working,  370,  396 
switch,  391 
typewheel  axle,  383 
zero  adjusting  lever,  390 
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Humming  of  wiies,  733 

Humming  of  wires,  solid  v.  stranded  wires,  732,  735 

Hydrometer,  488 

Impedance,  567 
Impurities  in  zinc,  18 
Incrementer,  646 
Increment  key.     See  Keys 

„        system.     See  Quadruplex 
India-rubber,  759 
Indicator  A. B.C.,  346,  351 
Indicator,  drop  indicator,  405 
key,  418 
,,         non-polarized  drop,  540 
,,         relays.     See  Relays 
Induced  needles.     Se^  Coils 
Inductance.     See  Self-inductance 
,,  coils,  514 

„  i>     for  protector,  570 

„  spiral  „        „       ,  573 

Induction,  dynamic  or  electromagnetic,  352,  764,  769 
,,        ,  electro  static,  2,  763 
„         ,  magnetic,  5 
,,        ,  parallel  circuits,  765 
Inductive  capacity.     See  Capacity 

,,        disturbances,  763,  769 
Inker,  direct,  173 
„    ,  local,  210 
luRulating  compound,  795 
Insulation  resistance,  588 
apparent  and  true,  589 
and  equivalent  fault,  591 
and  speed  of  working,  607 
dry  core  cables,  652,  791 
,,'     ,,        ,,     grouping  of  wires,  652 
„      „         ,,     testing  of,  652,  790 
G.P.  wire,  new,  759 

,,      ,,  ,  minimum  value,  759 
open  wires,  maintenance  standard,  607 
„       „    ,  working  „        ,607 

total  and  per  mileage  values,  592 

,,    of  extended  circuits,  593 
testing  set,  648 

IN8ULATOR8,  10 

and  changes  of  pressure,  75 
,,         ,,       ,,  temperature,  75 
bolts  for,  665 
brown,  664 
canting  of,  G95 
cleansing  of,  666 
Cordeaux,  666 
design  of,  665 
double  shed  brown,  664 
„  „     white,  666 
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ebonite,  664 

fixed  bolt,  665 

for  secondary  celLs,  461 

glass,  664 

Langdon,  667 

material  chosen  for,  664 

medium  size,  669 

P.O.  terminal,  667 

shackle  type,  667 

side  knob,  667 

spindles,  665,  667 

,,      ,  addition  of  washer,  667 
,,      ,  terminal  u  J-bolts,  668 
Intensity  of  magnetization,  6 

Intercommunication  system.     See  London  Metropolitan  Switching  system 
Interference  due  to  leakage  from  power  circuits,  628 
Intermediate  returns,  565 
„  stations,  172 

Intermittent  faults,  614 
Intemiption  cable,  726,  731,  797 
Ions,  813 
Iron  poles,  658,  697 

„   resistivity  of,  68 

,,   wire.     See  Wire 
Isochronism,  826 

J 

Jack.     See  Switch  spring 
J-bolts,  667 

„       r  &  8",  668 
Jockey  w^heel,  302 
Joint  box,  751 

,,    capacity,  215 

,,    markers,  750 

,,    resistance,  55 

,,    testing,  787 
Jointing.     See  Wire  and  Cable 

,,  sleeves,  copper,  784 
Joists,  rolled  steel,  740,  755 
Jumper  wires,  586 

K 

Karri  wood,  662 
Kathode,  814 
Kation,  814 
Kelvin,  98 
Key,  A  Key,  278 

„  ,  B  Key,  268,  278 

„  ,  double  current,  225,  262,  289,  321,  324,  327,  340,  426,  497,  500,  501, 
503,  606,  508,  510,  511,  824,  855,  856 

, ,  ,  for  forked  repeaters,  536 

,,  ,  increment,  268,  278 

,,  ,  indicator  key,  418 

„  ,  reversing,  268,  278 
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Key,  single  current,  169,  174,  207,  233,  242,  399,  408,  492,  542,  644,  816, 

821 
,,  ,      ,,  ,,         6-terminal,  412 

„  ,      „  „        with  switch,  495,  499,  600,  521,  530,  542,  544,  824 

,,  ,  6-termiDal  revereings,  280,  493,  606,  508,  510,  544,  824,  856,  866 
Keys,  single  needle.     See  Commutator 
Keystone  connecting  link,  780 
Kick,  B  Kick.     See  Quadruplex 

„     on  C.B.  duplex,  427 
King,  441 
KirchofFs  laws,  58 
K.R.,  512 

L 
La  Cour  wheel,  838 
Ladder  fittings,  704 
Lamp  indicator,  414 
Lay,  in  dry  core  cables,  767 
Lead  cable.     See  Cable 
,,     hydrated  peroxide,  434 
„     monoxide,  432 
,,    peroxide,  429 
,,     spongy  lead,  429 
,,     sulphate,  429 
,,  ,,     ,  conductivity  of,  433 

Leading  in,  667 

„  cup,  803 
I^eak  circuit,  duplex  repeater,  529 

,,     coils,  repeater,  523 
Ijeaks,  distributed,  614 
Leak  switch,  duplex  repeater,  529 

„     working,  360,  869 
Leclanche  cell,  24 

,,         agglomerate,  26 
, ,        chemical  action  of,  27 
,,        6-block  agglomerate,  27 
,,        sizes  of,  26 
„        use  of,  40,  185,  206,  327, 
Lifting  Jacks,  778 
Lightning,  666 

,,         conductor,  678 

Lightning  Protectobs:— 
A  &  B,  667 

C,  568,  800 

D,  569 

earth  for,  573 
earthing  of  cases,  674 
in  pole  test  boxes,  800 
Lodge,  671 
position  of,  573 
principle  of,  566 

reel,  567 
Saunders,  571 
tablet,  570 
triple  disc  for,  669 
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Lightning  Pkotbctors— con^mwed 
use  of  inductance  spiral,  573,  800 
vacuum,  570,  800 
Line  and  local  circuit,  198,  208 
„    construction.     See  Aerial,  overhouse,  and  underground 
„    faults.     Sec  Faults 
,,         ,,     causes  of,  619 
,,    stays,  728 
„    wire.     See  Wire 
Lines,  capacity  and  resistance  of,  515 
„    of  force,  4,  764,  769 
„     ,,       ,,      electro  static,  212 
Litharge,  432 
Loaded  circuits,  514 
Local  action,  18 

„  battery,  198,  208 
Localization  tests,  608 
Lodestone,  4 

Lodge,  Sir  Oliver  J.,  515,  571 

London  Metropolitan  Switching  System,  402,  412 
adjustment  of  translating  relays,  425 
calling  by  key,  415 

„      lamp,  415,  419 
clearing    „      414 
,,       signal,  421 
collecting  oflBces,  422 
cut  off  relay,  422 
direct  circuits,  413 
double  current  working,  421 
engaged  indicator,  422 

„      test,  414,  422 
home  section,  413,  414 
indicator  key,  414,  415,  418 

,,  „      released,  420,  424 

intermediate  offices,  423 
lamp  indicator,  414 
line  relay,  419 
method  of  indicating  when  circuit  is  disengaged,  452 

,,  ,,  operating,  414 

modifications  for  provincial  use,  424 
multiple  switch,  413 
night  bell,  425 
number  of  circuits,  412 
permanent  current,  419 
pilot  lamp,  425 
polarized  sounder,  416 
Purves  duplex,  425 

,,  ,,        night  arrangement,  427 

simultaneous  depression  of  two  speaking  keys,  425 
single  current  working,  421       « 
speaking  key,  414,  420 
standard  i*esistance  of  lines,  424 
time  signalled,  425 
translating  relays,  420,  421 
two  circuits  connected,  420 
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London  Metropolitan  Switching  System,  voltages  used,  418,  419 
Lon^tn<linal  stays,  728 
Looping  mains,  478,  630 

„        of  wires,  555 
Loop  test  for  position  of  fault.     See  Faults 

M 

Magnet,  moment  of,  7 

,,      ,  permanent,  4 

Magnetic  circuit,  164 

„      ,  law  of,  76 
,,  ,,        of  sounder,  165 

„         eflFect  of  current,  7,  8 

field,  6,  83 
,,  „    ,  unit  of,  6 

,,         meridian,  95   . 
, ,         moment,  7 
,,         pole,  unit,  6 
„         saturation,  804 
,,         storms,  629 
Magnetism,  4 

„        ,  earth's,  4 
„        ,  molecular  theory  of,  804 
Magnetization,  intensity  of,  804 
,,  ,  saturation,  804 

,,  ,  three  stages  of,  807 

Magnetizing  force  of  solenoid,  76 

„  steel,  6 

Magneto  bells,  851 

,,       electric  machine.     See  Generator 
,,        motive  force,  76 
Making  good  of  faulty  circuits.    See  Faulty  circuits 
,,       up  of  special  circuits.     See  Special  circuits 
Mandrels,  746,  778 
Manganese  dioxide,  25 
„        ,  pebble,  25 
Manffanin,  109 
Manholes,  footway  types,  755 
„      ,  mud  excluder  for,  758 
,,      ,  roadway  types,  767 
Mansbridgo  G.  F.,  217 
Marine  glue,  20 
Mariner's  compass,  4 
Markers  for  Joints,  750 
Marking  current,  222 

Matthiessen's  standard  for  copper  wii-es,  footnote  68 
Mechanical  tests  of  iron  and  copper  wires,  671-674 
Megohm,  12 
Metallic  circuit,  555,  630,  823 

,,  ,,     ,  speed  of,  517  • 

,,  ,,     ,  working,  555,  630 

Mctzger,  431 
Mho,  56 
Microfarad,  15 
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Microhm,  12 

Milliampere,  12 

Miniam,  432 

Mirror  galvanometer.     See  Galvanometer 

Molecular  theory  of  magnetism,  804 

Molecule,  809 

Moment  of  a  magnet,  7 

Morning  test.     See  Eden 

Morse  sounder.     See  Sounder 

Motor  generator,  482 

,,    pump,  787 
Muirhead's  batteiy  test,  149 
Multiple,  413 

Multiplying  power  of  shunt,  114,  122 
Murrayjalphabet,  826 

.,       capacity  of  system,  852 

j,        conection  of  errora,  830 
distributor,  838 

,,        figure  and  letter  shift,  828 

„        La  Cour  wheel,  838 

,,       method  of  securing  isochronism,  840 

„        printer,  844 
reed,  888 

„        system,  826 
tape,  828 

„        transmitter,  884 

,,  ,,  bias  adjustment,  887 

,,        typewriters  keyboard  perforator,  832 

,,        unison  diagram,  846 

N 

Neale's  coils,  180 
Needle,  deflection  of,  9,  10 

,,       system.     See  Single  needle 
Negative  electricity,  1 

„        plate  and  pole,  20,  812 
News  circuits,  326 
Noise  from  open  wires,  732,  733 
Non-polarized  relay.     See  Relays 
N-pole  of  solenoid,  165 
Null  method,  definition,  135 
Numbering  of  poles,  730 
„         wires,  776 

Numerical  Examples:— 

Aerial  line,  factor  of  safety,  723 

Area  and  diameter  of  round  wires,  65 

Battery.     See  Cells 

Board  of  Trade  unit,  17 

Bridge  duplex,  battery  power,  345 

„  „     ,  currents,  341 

,,         ,,     ,  rheostat  resistance,  346 
Capacity  of  aerial  lines,  858 

„         „  G.P.  wires,  859  ^,      . 

„      compared  with  paper  core  cable  wires,  859 
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Numerical  Exa^vlus— continued 

Capacity,  quantity,  and  potential,  14,  15 
,,      ,  relative,  of  two  cable  cores,  860 
,,      ,  required  thickness  of  dielectric,  861 
Cells,  best  arrangement  of,  for  electro-magnet,  79 

,  difference  of  potential,  open  and  closed  circuit,  62 
,  internal  resistance  from  aitto  (two  methods  of  working),  63 
,  E.M.F.  and  resistance  of,  in  multiple  arc,  46 
,      ,,  ,,        ,,         „  ,  „  parallel,  46 

,      ,,  ,,        ,,         ,,  ,  „  series,  45 

,      ,,  ,,        ,,         ,,  ,  ,,      ,,   ,  certain  ceUfl  rerersed,  60 

,  of  unequal  si^es  in  parallel,  50 
,  ,,       „      E.M.F.'s  in  parallel,  51 
,  number  and  arrangement  to  furnish  a  large  cm  rent,  54 
,       ,,       in  series  required  to  furnish  a  given  current,  52 
,       ,,       required  to  work  a  given  circuit,  58 
,  secondary,  number  required  to  furnish  a  given  current,  51 
Conductivity,  percentage,  of  copper,  72 
Conductor  resistance  and  temperature,  74 
Current,  division  of,  several  paths  in  parsiUel,  58 
,,      ,        ,,         ,  two  {)aths  in  parallel,  59 
,,      ,  in  circuit  consisting  of  a  battery  and  resistance,  61 
,,      ,  in  each  of  several  paths  in  parallel  due  to  cells  in  multiple 

arc,  61 
,,      ,  in  each  part  of  a  duplex,  239 

,,        reauired  to  work  a  relay  rewound  to  a  given  resistance,  79 
Diameter  of  wires,  66,  73 
Duplex,  current  in  each  part  of,  239 
Eden  morning  test,  596,  599,  604,  606 
Electromagnet,  best  arrangement  of  cells  to  energize  it,  79 

„  magnetic  effects  with  coils  in  series  and  parallel,  77 

„  ditto,  economy  of  battery  power  considered,  78 

,,  rewinding,  79 

E.M.F.  measured  by  battery  testing  instrument,  152,  153 
,,  ,,  ,,  direct  deflection  method,  130 

,,  ,,         ,,  equal  current  method,  133 

,,  ,,  ,,  potential  divider,  141 

,,  ,,         ,,  potentiometer,  137 

,,       •     ,,  ,,  Rayleigh  method,  139 

,,  ,,         ,,  Wiedemann  method,  135 

Fault  at  centre  of  circuit,  593 

,,  ,  Eden  test  for  position  of,  604 
Figure  of  merit  and  diameter  of  wire  on  electromagnet,  79 
Galvanometer  shunt.     See  Shunts 
Insulation  of  extended  circuits,  593 
,,        of  loop  morning  test,  599 
,,       ,  thickness  of,  861 
Internal  res.  measured  by  batteiy  testing  inst.,  proof  of  principle,  156 
,,        ,,  ,,         ,,       ,,  ,,        ,,  ,  shunt  and  resistance  of 

battery,  158 
,,         ,,  ,,         ,,  diminished  deflection  method,  146 

,,         ,,  ,,         ,,  half  deflection  method,  144 

,,         ,,  ,,         ,,  Muirhcad  method,  150 

,,        ,,  ,,        ,,  Thomson  method,  148 

,,        ,.    of  secondary  cells,  151 
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Numerical  Examvleb— continued 
Joint  resistance  of  galvanometer  and  shunt,  117 
f,  ,,  ,,  several  paths  in  multiple  are,  68 

„  ,,  ,,       „  „     in  parallel,  56 

,,  ,,  ,,       ,,  ,,     of  equal  resistance  in  parallel,  56 

„  ,,  ,,  two  jjaths  in  parallel,  57 

Length  of  wires  and  resistance,  65,  66 
Magnet,  force  exerted  on  isolated  pole,  7 
Mho  and  ohm,  56 
Murray  loop  test,  646 
Ohm's  law,  13 
Ohm  and  mho,  56 
Perfect  current,  595 
Pole,  breaking  stress,  724 
,,  ,  downwai'd  thrust  on,  718 
,,  ,  factor  of  safety  on,  724 
,, ,  horizontal  stress  on,  720,  723,  724 
Potential,  quantity  and  capacity,  14,  15 
Quadruplex,  currents,  269 
Quantity,  potential  and  capacity,  14,  15 
Received  current,  595 
Resistance  and  area  of  wires,  65 

,,  ,,  length  of  wires  of  equal  diameter,  64 

,,  M      M       n      II     II      11     weight,  70 

,,         length  and  area  of  wires,  65 

,,  ,,        ,,    weight  of  wires,  70,  71 

„         length,  area,  and  diameter  of  wires,  65,  67 

„        of  a  path  in  parallel  knowing  resistance  of  the  other  path 

and  currents  in  each,  60 
,,        of  a  path  in  parallel  knowing  resistance  of  the  other  path 

and  currents  in  each,  another  method,  60 
, ,        of  a  path  in  parallel  with  another  of  known  resistance  given 

joint  resistance,  57 
,,         of  relay  to  w^ork  a  given  line,  80 
,,        of  a  wire  given  dimension  and  resistance  of  a  foot  grain,  72 

,.  „    „        „  „  „    resistivity,  69 

,,         ,,  ,,    ,,        ,,    weight  of  ohm-mile,  72 
, ,      ,  weight,  and  diameter  of  wires,  73 
Resistances  in  series,  55 
Resistivities,  comparison  of,  69 
Resistivity  of  a  material,  69 
Secondary  cells,  charging  current,  480 
Sent  current,  595 

Shunt,  constant  of  shunted  gal vo,  116,  120 
„     ,  multiplying  power  of,  116 
„     ,  resistance  of,  116,  119 
Speed  of  w^orking,  516,  860 
Stay,  necessity  for,  at  angle,  724 
Stays,  stress  on,  at  a  terminal  pole,  718 
,,      ,     ,,      ,,  ,  due  to  angle,  720 
„     ,     ,,      ,,,  factor  of  safety  on,  718,  719,  722 
„      ,     „      ,,  ,  parallel  stays,  718 
Wheatstoue  bridge,  individual  resistance  of  bunched  wires,  641 
„  „     ,  principle  of,  632 
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O 

Oak  for  arms,  662 

Obach  dry  cell,  33 

Ohm,  definition  of,  11 

Ohm-mile  of  iron  and  copper,  71,  627 

Ohm's  law,  13 

Open  and  closed  circuit  working,  175 

Outrigger.     {Sec  also  pole-spur),  692 

Ovorhouae  line  wire,  732 

,,         lines,  657,  732 

,,  ,,     humming  of  wires,  732,  733 

Ozokerite  tape,  758 

P 

Painted  poles,  659,  661 
Paper  for  perforator,  292 

,,     sleeves,  784 

„         „      ,  drying  of,  786 
Parallelogram  of  forces,  720 
Pegs,  403,  406,  419 

, ,  ,  double  test  pegs,  585 

,.      and  cords  for  test  boards,  564 
Peg  switch,  529 
Percentage  conductivity,  72 

Perforator.     See  Murray  and  Wheatstone  automatic  system 
Permanent  current,  419 

,,         magnet,  4 
Permeability,  76 
Peroxide  of  lead,  429 
Petroleum  jelly,  761,  782 
Phonic  wheel,  838 
Pillar  test  boxes,  750,  792 
Pin  connectors,  790 
Pipe  line,  cost  of,  746 
Pipes  C.I.,  742 

„       „     bell-mouth,  745,  753 

„       ,,     bonding  together  of,  761,  762 

,,       ,,     draw  wiie,  744 

,,       ,,    jointing  of,  743 

,,       ,,    joints  spaced,  744 

,,       „     sizes  of,  743 

,,       ,,     slide,  749 

,,       ,,     Smith's  composition,  742 

,,       ,,     solid  bends,  745 

„      ,,     split,  750 

,,       ,,     terminating,  752 
Pit  channel,  753 
Pitch  pine,  658 

Plans,  symbols  used  upon,  623 
Plants,  429 
Plate  protector,  570 
Platinoid,  109 
Platinum,  169,  676 
,,  silver,  109 
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Plus  circuit,  823 
Pneumatic  perforator,  298 
Polarization,  19 

,,  errors  due  to,  in  testing,  149 

Polarized  relays.     See  Relays 

,,         sounder,  416 
Pole-changer,  543 

„   cart,  704 

„   chairs,  737 

,,        „    ,  rectangular,  740 

,,   climbers,  709 

,,   fittings,  spacing  of,  663 

„    holes,  680 

,,   lifters,  705 

„   roof,  661,  695 

,,   spur,  €90 

„    steps,  696 

„  test  box,  670,  799,  800 
Poles,  accidents  during  erection,  708 

,,  ,  A  poles,  693 

„  ,  ,,     ,,     ,  saddle  wire,  696 

i>  »  f>     >i     ,aseof,  694 

,,  ,  „     ,,     ,  use  of  blocks,  694 

,,  ,  and  (dements  of  cell,  20 

,,  ,  arming  of,  703 

,,  ,  breaking  stress  of,  723 

,,  ,  buckling  due  to  misplaced  stays,  685 

„  ,        „        prevented,  690 

,,  ,  Burnetized  and  Boucherized,  661 

,,  ,  depth  buried,  680 

,,  ,  diameter  of,  679 

,,  ,  dimensions  of,  678,  679 

„  ,  distances  apart,  679 

,,  ,  erection  of,  703 

,,  ,        ,,       ,,   with  derrick,  705 

„  ,        „       „      „         „     ,  precautions,  708 

,,  ,  exudation  of  creosote,  681 

„  ,  height  of,  678 

„  ,  H  poles,  695 

i»  »  i»      »i   I  earth- wiring,  695 

„  ,  ,,      ,,    ,  size  of  poles,  695 

,,  ,  in  marshy  ground,  681 

„  ,  in  rock,  680 

,,  ,  iron  poles,  658,  697 

)f  f     I)      »}       adapters  for,  700 

„,     ,,       ,,       carrying  capacit} ,  698 

„  ,     ,,      ,,       Chambers' joint,  700 

„  ,     ,,      „      climbing  clips,  737 

,,  ,     ,,      ,,      erection  of,  701 

,,  ,     ,,       ,,      for  roof  standards,  737 

,,  ,     ,,       ,,      preservation  of,  737 

,,  ,  larch,  658 

„  ,  life  of,  660.  661 

,,  ,  light,  medium,  and  stout,  679 

3M 
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Poles,  numbering  of,  730 

,  number  per  mile,  679 

,  obstacles  to  be  avoided,  727 

,  pitch  pine,  658 

,     ,,       „  ,  treatment  of,  659 

,     ,,      ,,  ,  used  for  roof  standards,  737 

,  painting  of,  659,  661 

,  preservative  processes,  659 

,  red  fir,  658 

,  seasoning  of,  659 

,  strength  of,  723 

,  tarring  of,  659 

,  terminal,  658,  803 

,  timber  for,  658 

,  trussing  of,  690 

,  twisting  of,  705 

,  wind  pressure  on,  679 
Pomeroy*8  test  of  earth,  647 
Porcelain,  664 
Porous  pot,  21 
Positive  electricity,  1 

„      pole  and  plate,  20,  812 
Potential,  2 

„        at  point  due  to  charge,  3 

,,        divider,  141 

„      ,  quantity,  and  capacity,  14 

„      ,  unit  of,  8 
Potei.tiometer,  135 

,,  ,  modem  types,  140 

Power  circuits,  protection,  674 

,,  ,,     ,  use  of  india-rubber  gloves,  576 

Press  button,  605 

Primary  and  secondary  cells,  18,  428 
Primary  cells.     See  Bichromate,   Clark,   Dry,   Danicll,  Loclanch^,  and 

Sealed  Standard 
Printer,  173 

Printing  telegraphs.     See  Steljes,  Hughes,  and  Murray 
Protection.     See  Lightning,  Power,  and  Fire 
Punner,  706 
Punning  of  earth,  702,  705 

Q 

Quadruplex,  267 

adjustment  of,  283 
aids  to  memorizing  connections,  281 
A  side  relayed,  643 
,,    „        „       path  of  current,  543 
,,    ,,         „      ,  latest,  545 
balancing,  283 
battery  coils,  279 

„      power,  287 
B  kick,  272 

Bridging  coil,  use  of,  285 
B  side,  condenser  arrangement,  276,  824,  853 
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Quadrnplex  B  side  condenser,  latest,  853 

,,  ,,    ,,  ,  relaying  Bonnder,  275 

,,  current  requir^,  287 

, ,  decrement  working,  285 

„  earthing  switch,  279 

„  effects  of  short  circuit  and  disconnection  in  intermediate 

position  of  key,  280 

„  faults  in  apparatus,  286 

, ,  ^Ivanometer  for  measuring  currents,  509 

,,  increment  working,  267,  285 

„  resistance  blocks,  280 

„  Universal  batteries,  283 

,,  various  systems,  286 

„  Wheatstone  on  A  side,  289 

,,  working  on  very  short  lines,  285 

Quantity  of  electricity  static  unit,  3 

,,         ,,        ,,         electromagnetic,  14 
,,         ,,        ,,       ,  potential,  and  capacity,  14 
Quick-lime,  786 

R 

Radicles,  810 

Railways,  aerial  lines  on,  656 

Reading  condenser.     See  Shunted  condenser 

Receiver.     See  Wheatstone 

Red  lead,  431 

Reed,  888 

Reinstatement  charges,  746 

RSLAYS :— 
clearing  relay,  420 
coils  in  series  or  parallel,  206,  209 
C  type,  195 
cut  off  relay,  422 
D  type,  190,  210 
definition  of  186 
design  of,  197 
differential  winding,  189 

„  „  test  for,  197 

double  tongued,  548 
line  relay,  419 
non-polarized,  186 

B,  188,  404 
,,  „  indicator  B,  404 

object  of,  186 

polarized  and  non-polarized,  187 
,,         definition  of,  191 
„        indicator  B,  405 
P.O.  Standard  A,  191 
B,  194 
,,  „       ,  adjustments,  204 

„  ,,  neutral,  194 

„  „  „        adjustment  of,  194 

,,  ,,         resistance  of  coils,  194 

self-inductance  of,  16 
Siemen's,  195 
translating,  190,  420 
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Relays — continued 

used  in  telephony,  189 

wei^lit  of  moving  system,  198 
RelayiDg  sounder,  187,  275 

,,  ,,  resistance  of,  188 

Reluctance,  76 

Repeaters,  612 
adjustment  of,  523 
auto-switch,  620 
Bridge  duplex  on  cable  side,  532 
duplex,  526 

„       switch,  628 
faults  and  causes,  524 
forked,  534 

,,      path  of  current,  535 
Hughes^  541 

position  of,  in  circuit,  518 
quadruplex,  546 
simplex,  arrangement  of,  521 

„        path  of  current,  522 

,,        principle,  518 
theory  of,  617 
Residual  magnetism,  166,  186,  189,  197,  539 

,,  „  molecular  theory,  804 

Resistance,  11 

„  coils,  105 

,,  ,,      connections,  106 

,,  ,,      metal  cased,  489 

„  ,,      values,  106 

„  „      winding,  106 

„  constant  of  galvo,  104 

,,  internal  resistance  of  cells,  40,  143 

,,  lamp,  489 

,,  measurement  of,  638 

,,  of  batteries,  40 

„  specific.     See  Resistivity 

,,  unit  of,  11 

Resistivity,  68 

,,        ,  length-weight,  72 

„        ,  cubic,  69 

,,  of  various  substances,  68 

Resultant  force,  720 

„        point,  684 
Reterdation  coils,  108,  258 
Retentivity,  166 
Revolving  wires,  663 
Rheostat,  110 

B,  C,  and  D,  112 

„        connections  of  C,  112 
Ring  bolts,  766 

Roberts,  M.  F.,  689,  695,  758,  794 
Roberto*  stay  tool,  689 
Roof  standai-ds,  736 

double,  740 
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Roof  standards,  large  type,  740 
if  ,,  principles  of  constrnction,  736 

„  „  use  of  pitch  pine,  737 

s 

Saddle  stay,  695 

,,       wire,  662 

,,  ,,  on  A  poles,  696 

Safety  belt,  576 

„      factor  of,  709,  722 

,,      valve  (dry  air),  790 
Sag  of  wires,  709 
„   ,,  stress,  length  of  span,  712 
Salammoniao,  25 
Salts,  811 
Sealed  standard  cell,  124 

„  ,,  „   resistance  in  box,  1*24 

,,  „  ,,   short-circuiting  of,  124 

„  ,,  ,,   use  of,  122 

Secondary  cell  working.     See  Universal  battery  system 

Secondary  Cslls,  428 
acid  resisting  paint,  466 
automatic  ciit  out,  482 
board  separators,  440 
buckling  of  plates,  435,  453 
capacity  in  ampere  hours,  431 
charging  of,  480 

,,        „    provision  of  current,  481 
chloride  type,  436 

,,        „      capacity  of,  438 

,,        „      charging  and  discharging  rates,  438,  443,  450 

,,        „      manufacture,  436 

„      R  type,  438 
„         „      specific  gravity,  438 
connections  between  cells,  466 
D.P.  type,  486 
electrolyte  for,  451 
E.M.F.  of,  429 

„        on  charge  and  discharge,  450 
E.P.S.,  441 
,,        capacity,  443 
,,        discharge  rate,  443 
,,        ebonite  forks,  443 
„        gravity,  443 
K  type,  441 
W.S.  type,  448 
exide  negative,  438 
expansion  of  active  material,  435 
Faure  types,  431 
first  charge,  451 

„        „      gravity  during,  452 
gassing  of,  452 
glass  rod  separators,  438 
grids,  438 
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Secondary  Czllb— continued 
Hart  type,  443 

,,      ,,     capacity,  460 
,,      ,,     discharge  rate,  450 
,,       ,,     ebonite  separators,  449 
„      „     gravity,  450 
iDsolators  for,  451 

internal  resistance  and  temperature,  450 
lead  antimony  grids,  437 
milky  appearance  of  electrolyte,  452 
number  of  positive  and  negative  plates,  435 
principle,  428 
size  of  cell  required,  484 
small  tjrpe  for  metallic  circuits,  823 
sulphating  of,  452 
treatment  of  cells,  452 
Self-inductance  and  time  constant,  818,  819 

,,        ,,  of  galvanometer  in  series  and  parallel,  319 

,,         ,,  of  relays,  16 

„        „  unit,  16 

Self-induction,  15,  202,  244,  518,  514,  520,  667 
,,        ,,  balanced  by  shunted  condenser,  314 

,,        ,,  distributea  and  speed  of  working,  514 

„         „  retarding  effect  of  in  sending  circuit,  319 

Sellou,  441 

Sending  circuit,  resistance  of,  319 
Sensitiveness  of  galvanometers,  104 
Shackles,  667 
Shunted  condenser,  15,  313,  327,  500,  521 

,,  ,,  action  in  balancing  self-induction,  314 

,,  ,,  »,      »i  Wheatstone  working,  316 

„  ,,  ,,      on  short  lines,  819 

, ,  „  adj  ustment  of,  81 8 

,,  ,,  quantity  of  electricity  in  condenser,  15 

Shunte,  113,  120 
,,       ammeter,  461 
„      box  of,  119 

,,       coiU  on  differential  galvanometer,  235 
,,      compensating  resistance,  117 
,,      joint  resistance,  116 
,,      multiplying  power,  114,  122 
,,      object     of  galvanometer  shunts,  113 
,,      principle,,  „  „  114 

„      on  single  current  galvanometer,  171 
,,      on  sounders,  168 
,,       relations  and  rules  of,  115 
„      universal  type,  120 

>i  I  box,  122 
„  „  „  ,  rule  for,  122 

Siemen's  relay,  195 
Signalling  condenser,  325,  388,  823 

,,        ,  speed  of.     See  Speed  of  working 
Silencers,  Gael  Beau,  733 
„        chain,  735 
,,        for  aerial  wires,  733 
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Silencers  for  brackets,  735 

,,      for  standards,  787 

„       N.  T.  Co.,  734 

,,      sounder  and  circuit  silenctirs.  See  Sounder  and  Circuit 
Simultaneous  telegraphy  and  telephony.     See  Superimposing 

SiNOLB  CXTERBNT  SOUNDKR,  206 

adjustment,  209 
battery  power,  209 
current  required,  209 
faults,  208 
path  of  current,  208 
V.  direct  sounder,  209 
duplex,  236 

,,       aids  to  memorizing  connections,  244 

,,      balancing,  243 

,,      battery  power  and  current,  245 

„      faults,  248 

,,      intermediate  position  of  key,  240 

,,       path  of  current,  237 

,,       on  very  short  lines,  244 

,,       switch,  241 

„      iS«e  also  "Duplex" 

Single  Needle,  176 
advantages  of,  185 
battery  power,  186 
coils,  figure  of  merit,  179 
„      Nealo's,  180 
„      resistance  of,  185 
„      Spagnoletti's,  178 
„      Varley's,  177 
current  required,  185 
Skin  effect,  513 
Slide  pipes,  749 

„         „     V.  boxes,  750 
Sling  chains,  706 
Slip  for  perforator,  292 
Smith  composition,  742 
Snatchblock,  706,  780,  782 
Soldering,  676 

„        with  resin  as  flux,  784 
Solenoid,  76 

,,      magnetic  force  of,  76 
,,       to  find  N.  pole  of,  165 
Solid  bends,  745 

If    plugs  double,  759 
„         „     single,  794 
„        „     with  G.  P.  tails,  795 
Sounder  circuits.    See  Direct,  Single  current,   Double  current,  Sounder, 

Quadruplex 
Sounder,  167 

„        adjustment  of,  168 
20«,  168 
900«,  462 
„        magnetic  circuit  of,  165 
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Sounder,  figure  of  merit  of,  168 

„       polarized,  416 

„       relaying.     See  Relaying  sounder 

,,       silencer,  636 
Sounding  pieces  for  needle  dials,  179 
Sourdines.     See  ■Silencei's 
Spacing  current,  222 
Spagnoletti's  coils,  178 
Span,  length  of,  679,  680 
,,      stress  of  wires,  712 
Spark  coils,  280 
Sparking  at  relay  contacts,  188,  202,  277,  623 

„       of  transmitter,  320 

,,       point,  321,  513 
Special  circuits,  apparatus  for,  501 

„         ,,        calculation  of  power,  627 

„        „  ,.  ,t  resistance,  627 

,,        ,,        formation  of,  626 
Specific  inductive  capacity,  213 

,,        ,,  ,,         of  substances,  214 

,,    gravity.    iS^e«  Secondary  cells 

,,        „        of  copper, /oo^7J/rf«  69 

,,     resistance.     See  Resistivity 

Speed  of  Working,  512 
and  battery  resistance,  513 

,,     distributed  leaks,  514 

,,  ,,  self-induetion,  514 

„     insulation  resistance,  607 

,,    length  of  circuit,  517 
on  duplex  circuits,  517 

„  Hughes,  517 
various  types  of  line,  516 
Speed  point,  321 
Spirit  lamp,  783 
Splicing  tool  for  stays,  689 
Split,  double,  237 

„    pipe,  760 
Spring  jack.    See  Switch-sprmg 
S(iuare,  for  telephone  circuits,  663 
Standard  cells,  34,  37,  124,  126 

„        ,,       See.  Clark,  Daniel!,  and  Sealed  standard  cells 
„        units,  13 
,,        wire  gauge,  867 
Standards.     See  Roof  standards 
Static  electricity,  1 

,,      capacity.     See  Capacity 
Stay,  681 

„     at  an  angle,  720 

„     attachment  of,  to  pole  and  bow,  689 

„     blocks,  682,  683 

,,         „         depth  buried,  683 

„         „         holes  for,  683 

,,     bow  and  thimble,  682 

,.     crutch,  690 
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Stay,  effect  of  misplaced,  685 

„  factor  of  safety,  718 

,,  guards,  687 

„  iron  rods,  use  of,  689 

„  lateral,  720 

,,  longitudinal  or  Hue,  728,  732 

,,  parallel  stays,  687,  688 

„  i)ole,  730 

,,  prevention  of  climbing,  689 

„  proximity  to  line  wire,  690 

,,  resultant  point  for  fixing,  684 

,,  rod  and  bow,  682 
„       ,,  preservation  of  screw  thread,  685 
,,      ,,  ratchet  nut,  682 

,,  rods,  sizes  of,  683 

„  rules  for  size  of,  719 

,,  splicing  of,  689 

„       tool,  689 

„  spread  of,  682,  717 

„  stresses  on  at  T.P.,  717 

„  swivel,  740 

,,  tightener,  730 

,,  to  standards,  anchoring  of,  740 

,,  use  of  pole  spur,  690 

„  V-stays,  683,  687 
„  ,,      on  grazing  land,  687 

,,  wire  type  and  strength  of,  682 

Steljks'  Recorder,  361 
figure  changing  cam,  364 
leak  working,  369 
printing  electromagnet,  363 

,,       lever,  364,  365 
slip  feeding,  366 
typewheel  escapement,  362 
unison  arm,  368 
Steps  for  manholes,  756 

,,  ,  polo  steps,  696 
Stevens'  automatic,  328 
Stone  edging  for  boxes,  752 
Storage  batteiy.     See  Secondaiy  cells 
Stray  currents,  628,  767,  761 
Stress  of  wires,  712 
Struts,  691 

„      fitting  of,  692 
,,      need  for  blocks,  693 
„      tie  bolt,  693 
,,      vertical  guard  for,  698 
Subsidiary  drum  method  of  renewing  G.  P.  cables,  797 
Subterranean  circuits,  823 
Sulphuric  acid,  810 
Superimposing,  815 

,,  A. B.C.  on  telephone,  820 

,,  duplex  on  metallic  circuit  q^uadrnplex,  766 
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Saperim posing,  Hughes  on  Paris  franks,  819 

,       „        „      „         „      ,  ringing  on,  820 
on  telegraphic  lines  for  rural  telephones,  818 
,,  multiple  twin  cables,  771 
Steljes  on  telephone,  820 
telegraph  call  wires,  820 
,,         on  trunks,  821 
Van  Rysselberghe,  815 
with  bridgiug  coils,  819 
„     transformers,  817 
Surveying  for  aerial  lines,  726 

„         „    underground  lines,  797 
Sweeps'  rods,  772,  777 
Switch,  automatic,  509,  510,  520,  856 

2-way,  279,  282,  288,  289,  324,  326,  340,  508,  542,  824,  855.  856 
4-bar,  508,  510,  824 
„        6-  ,,  ,  534 
„        8-  „  ,  528 
,,        6- terminal  2  position,  241,  262,  323,  324,  327,  499,  503,  536,  606 

7-  „        2      „         340,504 

8-  „        4      „         602 

9-  „        2      „  493,855,856 
,,        Hughes,  391 

peg,  502,  503,  511,  529 
Switching  systems.     See  Concentrator  and  London  Metropolitan  switching 

system 
Switch  spring,  403,  405,  419 

,,  „     ,  5-point,  405 

Syllabuses  of  examinations,  865 
Symmetrical  twist  system,  663 
Synchronism,  826 

T 
Tables  : — 

Air  space  v.  G.  P.  cables  number  of  wires  in  pipe,  760 

Copper  wire,  674 

Iron  poles,  tubes  forming,  698 
„        „   ,     „      assembly  of,  698 

Iron  wire,  673 

Poles  30',  40',  50'  and  60',  679 

P.O.  tangent  galvanometer,  119 

Resistivities,  68 

Sags  for  copper  and  iron  wires,  714 

Shunted  galvanometer  90«>,  119 

Specific  inductive  capacity,  214 

Standard  wire  gauge,  864 

Stay  blocks,  683 

Stresses  on  copper  wire  at  various  temperatures,  715 
,,         ,,  iron  wires  at  various  temperatures,  716 

Tapes  and  binders,  676 
Tackle,  706 
Tail-ending,  797 
Tangent  of  an  angle,  85 

,,        galvanometer.     jS^ce  Galvanometer 
Tapes  for  copper  wire,  676 
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Tarring  of  poles,  659 

Telegraph  call  wire,  820 

Telephones  with  telegraphs  superimposed.     See  Superimposing 

,,        ,  twisted  circuits,  663 
Temperature  and  resistance  of  conductors,  74 

,,  ,,  „         ,,  insulators,  75 

„  variation  of  resistance  for  copper,  74 

M  M         )>         M         of  line  wire,  262 

,,  ,,         ,,        ,,  various  metals,  109 

Tensile  strength,  671 
Tension  ratchets,  710,  711 
Tents,  788 

Terminal  insulators,  667 
Teiminating  pipes,  752 
Terms,  chemical  809 

Test  Board,  Switch  Sprikg  Type,  660 
changes,  564 

cross-connecting  facilities,  563 
grouping  springs,  564 
intermediate  returns,  565 
looping  strip,  565 
principle  of,  562 
special  circuits,  564 
transfer  circuits,  564 

Test  Box,  551 

arrangement  of,  552 

battery  panel,  553,  559 

,,  ,,       crossing  batteries,  559 

,,  „      increasing  iK)wer,  559 

bunching  wires,  564 

crossing  instruments  and  circuits,  556 

detector.     See  Detector 

disconnecting  wires,  555 

dividing  a  wire,  555 

earthing  wires,  555 

forking  wires,  556 

forming  a  metallic  circuit,  555 

intermediate  circuits,  554 

joining  through,  556 

looping  wires,  555 

pillar,  750 

reversing  apparatus,  555 

route  labels,  554 

small  office  type,  557 

tapping  circuits,  556 

terminated  circuits,  554 

U-link  type,  559 
Test  and  cross-connection  frames,  574,  585 
„      ,,        ,,  ,,  ,,      fitting  heat  coils  on,  583 

,,  cable,  778 
„  holes,  800 
„     hole  tablet,  618 
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Test  jacks,  585 

Testiug.      See  Battery  testing,   Localization  tests,  Eden  morning  test, 

Wheatstone  Bridge 
Thermometer,  713 
Thomson,  98 
Tie-bolts,  692,  693,  695 
Timber,  658 
Time,  constant,  313 
Tinfoil  paper,  218 
T-iron,  747 
Transformer,  817 

Transmitter.     Sec  Murray  and  Wheatstone 
Transmitting  relay,  522 
Transom,  693, 
Trenail,  696 
Trenching*  747 
Triangle  of  forces,  713 
Tribe,  432 

Trass  rods  and  rings,  695 
Type-printing  instraments.     See  Steljes,  Hughes,  and  Murray. 

u 

U-links,  559,  618,  800 
Umschalter  switch,  402 
Underground  fire-proof  chamber,  584 
,,  lines,  657 

„  „  ,  construction  of,  741 

,,  ,,   ,  cost  of  pipe  line,  746 

,,  ,,  ,  efficiency,  cost,  and  circumstances  when  used,  741 

„  „   ,  faults,  623,  798 

„   ,  surveying,  797 
Unit  B.  A.  and  standard  units,  13 
„    Board  of  Trade  unit,  17 
,,    capacity,  14 
„    E.M.F,  11 
,,   force,  3 
,,    magnetic  field,  6 
,,         „  pole,  6 

,,    potential  (static),  3 
,,   quantity  of  electricity  (static),  3 
„         „        „        „         (electromagnetic),  14 
,,    rate  of  doing  work,  17 
,,    resistance,  11 
,,   self-inductance,  15 

Universal  Battery  System,  454 
battery  mcks,  465 
,,       room,  464 
Circuit  Alterations,  486 
bridge  duplex,  505 
direct  sounder,  492 

„     writer,  492 
double  current  sounder,  up  and  down,  494 
,,  ,,  ,,         intermediate,  495 
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Universal  Battery  System— coji^mtwrf 
Circuit  Alterations — continued 
double  current  sounder,  duplex,  496 
,,       plate  sounder,  490 
„  ,,         ,,        intermediate  offices,  491 

„  ,,         ,,        summary  of,  491 

duplex,  505 

,,        special  circuits,  504 
single  current  sounder,  491 

„  „  „         duplex,  493      ^ 

,,  ,,  ,,        duplexed  permanently,  494 

single  needle,  487 
,,        ,,      summary  of  alterations,  489 
,,         „      commutator,  488 
principle  of,  486 
quadruplex,  505,  856 

,,  with  Wheatstone  on  A,  509,  857 

test  box  speaking  set,  611 
Wheatstone  terminal  station,  500 
,,  special  circuits,  501 

,,  special  circuits,  test  box  connections,  502 

complete  set  of  cells,  463 
cords  for  fuse  case,  475 
distribution  and  fuse  case,  464,  474 
divided  battery,  necessity  for,  456 
fuses  at  cells,  466 
,,  ,  general  scheme  of,  464 
,,  ,  principle  of  application  of,  466 
main  and  24^  sets,  composition  of,  462 
„     charging  switch,  469 
,,     distributing  cabinet,  464,  470 
,,     sets,  arrangement  of,  462 
,,     switch,  464 
original  installation,  476 

,,  ,,         ,  charging  arrangements,  479 

,,  ,,         ,  distribution,  478 

,,  ,,         ,  distributing  tablets,  478 

,,  ,,  ,  main  switches,  476 

„  „  ,  reverser,  476 

plate  sounder  coils,  491 
percentage  variation  of  current  formulae,  458 
positive  and  negative  switch,  details  of,  467 
principle  of,  454 

resistances  in  power  leads,  489,  506 
sizes  of  cells  required,  484 
sounders  900«»  necessity  for,  462 
switch  cabinet,  464,  467 
theory  of,  457 

uniformity  of  work  on  cells,  468 
voltages  provided,  461 
with  Primary  Cells,  511 
Up  and  down  stations,  170,  184,  202 
Uprighter.     Sec  Relaying  Sounder 
Up  station,  170 
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Vacuum  protector,  570,  800 
Van  Rysselberghe,  815 
Variable  lay,  767,  770,  771 
Varley's  needle  coils,  177 

„        loop  test,  644 
Volckmar,  441 
Volt,  definition  of,  12 
Voltaic  cell,  7 

,,      electricity,  7 
Voltmeter,  459 


w 


Wade,  435 
Wall  plate,  740 
,,    strap,  740 
Watt,  definition  of,  17 
Wayleave,  666 
Weather  contact,  678 
Weightier  ohm-mile,  71,  627 
Weston  voltmeter,  460 
Wet  rot,  669 

Wheatstone  A.B.  C.     See  A.  B.  C. 
Whkatstonb  Automatic  System,  291 

adding  transmitter  to  key  worked  circuit,  322 
battery  power,  326 

,,       resistance  coils,  323 
differential  duplex  with  signalling  condensers,  325 
duplex,  323 

,,      alterations  on  duplex  switch,  323 
news  circuits,  326 

perforated  slip  and  received  signals,  303 
l)erforator,  291 

,,  adjustment  of,  297 

,.  operation  of  punches,  292 

,,  paper  feeding,  293 

„  pneumatic,  298 

,,  punches,  295 

„  Willmot's  improvements,  295 

receiver,  291,  308 

, ,  adjustment  of,  312 

„  boll,  311 

,,  double  slip  drawer,  311 

,,  figure  of  merit,  313 

,,  inking  arrangements,  309 

,,  motive  power,  310 

,  motor,  311 

,,  8p(*ed  of  slip,  313 

,,  train,  311 

,,  spring  driven,  313 

,,  substituted  for  relay,  323 

,,  winding  of  coils,  312 

resistance  coil  in  receiver  circuit,  325 
transmitter,  291,  299 
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Wmatstone  Automatic  ^Ywr^yL— continued 
tranBinitter,  action  of  in  signalling  a  word,  302 

»      n         )}    eummarized,  304 

,      „         ,,    fans,  306,  307 

,  arrangement  of  rods,  300 

,  bias  on,  305 

,  bolting  of,  308 

,  divided  lever,  299 

,  jockey  wheel,  302 

,  magnetic  bias  type,  304 

,  motive  power,  300 

,  speed  of  slip,  308 

,  star  wheel,  301 

,  stopping  and  starting  lever,  307 

,  switch,  321 

,  variable  speed  gear,  805 

,  Willmot's  magnetic  bias,  304 
Wheatstone  Bridge,  631 
example  of  a  test,  638 

individual  resistances  of  3  or  more  looped  wires.  641 
insulation  of  testing  battery,  640  ' 

measureme^nt^of  resistance  having   capacity   self -inductance,   or   an 

periodical  conductor  resistance  tests.  643 
P.O.  t3'De,  634 
practical  use  of,  636 
proof  of  principle,  632 
proportionals  chosen,  637 
resistance  of  earthed  circuits,  640 
reversing  switch,  640 
testing  with  false  zero,  641 

WMtent76f  "'''''  ^^^'  ^^^'  ^^^'  ^^'^'  ^^^'  ^^^'  ^^7 

Willraot,  J.  W.,  296,  304 

Winch,  780 

Wind  and  water  line,  669 

„    pressure,  722 
Winding,  differential,  91 
^    „      ,  double,  112 
Wiped  joint,  787 
Wire,  breaking  stress  of,  669 

„  ,  bronze,  669,  674 

Ml       ,,      copper  and  iron  choice  of,  669 

„     choice  of  materials  and  gauge  for  lines,  669 

"     «^U««,  *c      ••'*•  1 1.   "      ^"      »»  resistance  coils,  109 
„     copper,  for  aerial  lines,  673 

f»  „  binding  in,  676,  676 

M  „  ductility,  673 

>»  >»  electrical  properties,  674 

»»  I,  expansion  coeflScient,  713,  717 

*t  „  form,  673 

u  „  puge  of,  670.  674 

»»  >»  jointing  of,  676 

n  n  table  of  sizes,  etc.,  674 

>i  fi  tensile  strength,  674 


